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CONDUCTIVITY  OF  CERTALT  ORGAillC  ACIDS  IN  ETHYL  ALCOHOL. 

During  the  past  six  years  a  fairly  thorough  and  systematic  study  of 
the  conductivity  and  dissociation  of  aqueous  solutions  of  organic  acids, 
as  affected  by  temperature  as  v/ell  as  by  dilution, has  been  in  progress  in 
this  laboratorj'.  In  view  of  the  fact  that  very  little  work  had  been  done 
upon  solutions  of  organic  acids  in  absolute  ethyl  alcohol, as  will  become 

evident  from  the  historical  review  which  follows, it  was  decided  to  extend 

2 
our  investigations  into  this  field.  Accordingly  Wightman,^iesel  and  Jones 

undertook  a  preliminary  investigation  of  the  problem, worked  out  a  fairly 

satisfactory  method  of  procedure  and  made  conductivity  measurements  of  nine 

3 
organic  acids.  The  present  investigation  is  a  continuation  and  extension 

of  their  work. 

HISTORICAL. 

The  property  of  water, which, in  the  pure  condition, conducts  electricity 
only  very  slightly, to  become  conducting  upon  the  addition  of  many  compounds 
which  of  themselves  are  non-conducting,v7a.3  known  to  de  la  Rive  and  was  the 
subject  of  interesting  experiments  by  Faraday; and  the  fact  that  solvents 
other  than  water  exhibit  the  sane  phenomenon  (of  acquiring  conductivity  upon 

the  addition  of  non-electrolytes)  has  been  studied  by  a  large  number  of 

4 
workers;  but  to  Kohlrausch  and  Ostwald  belongs  the  credit  of  having  placed 

investigations  in  this  field  once  and   for  all  upon  a  firm  soiacrbific  basis. 


1  Carnegie  Inst.Wash. Pub. IIo. 170, Pert  H  ;No.210,Chap.II  . 

2  Affier .Cher. Jcurn.,M, 156  (1910);46,56  (1911)  ;48, 320,411  (l912);50,l  (191S). 

3  Journ.Amer.Chem.Soc. ,36,2243  (1914).  Carnegie  Pub .No. 210, Chap. m. 

4  Cf.Walder.,7,eit.rhysik.Ch6E.,B,433ff  .(1891)  ;46,103ff. (1903). 
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The  contributicne  cf  Kchlrausch  may  be  briefly  described  as  follcT7e: 
(l)  the  develoxjinent  of  a  convenient  and  precise  method  cf  meaeurirg  con- 
ductivity;  (2)  the  emphasis  and  the  detensii-.ation  of  the  extent  to  which 
conductivity  is  influenced  by  temperature;  (3)  the  reduction  cf  conductiv- 
ity measureicents  to  definite, fixed  units;  (4)  the  reference  of  conductivity, 
not  to  M/eight  per  cent.  ,s.s  had  been  done  previously, but  to  molecular  vol- 
vmies  cf  solutions, that  is, volumes  v,'hich  contain  equivalent  amounts  of  the 
dissolved  substances;   (5)  the  enimciation  of  the  lav;  of  the  independent 
migration  velocities  of  ions. 

Ostwald  r^de  the  conductivity  method  of  Kohlrausch  more  con5)lete  and  more 

practicable  by  reducing  the  apparatus  and  the  manipulation  to  the  siiaplest 

3 
possible  terms.  Ke  also  showed  hov/  the  law  of  independent  migration  veloci- 
ties of  ions  could  be  used  to  calculate  the  upvalues  of  organic  acids  from 
those  of  their  sodiua  salts.  In  addition, just  after  Arrhenius,on  the  basis 
cf  his  dissociation  theory, had  pointed  out   the  necessity  of  the  parallel- 
ism between  the  strengths  of  acids  and  their  conductivities, it  was  Ostwald 
who, led  to  similar  ideas  by  other  ooneideratione, succeeded  in  demonstrating 
the  existence  of  such  a  relation, and  thereby  made  the  first  contribution  to 
the  application  and  significance  of  conductivity  in  questions  of  chemical 

affinity.  Further, from  thermodynamics!  considerations  Ostwald  derived  his 

7 
"dilution  law",  which  permits  the  calculation, from  the  molecular  conduotiv- 

1  Pog~. Ann., 138, 379(1869)  ;15S, 233  (1876)  ;77i'ed. Ann.  ,11,653(1580)  ;26  ,161(1885) . 

2  Wied. Ann., 6, 145(1879). 

3  Zeit.physik.Chem. ,2,561(1888). 

4  Ibid. ,2,270(1888) ;3, 170(1882).  Cf.also  Amer.Chem.Journ. ,46 ,66(1911) . 

5  Eih.t.k.A]c.,ie84. 

6  Journ.prak.Chem. ,30,93(1884). 

7  Zeit.physik.Chem., 2, 36, 270(1888). 
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ities  of  any  weakly  dissociated  substaiice  at  different  dilutions, of  its  af- 
finity constant ,rhich  is  independent  of  the  degree  of  dilution  and  is  con- 
ditioned only  by  the  nature  of  the  dissolved  substance.  During  his  classlccl 
investigations  in  this  field  Ostwald  deterrcined  the  affinity  constants  of 
over  240  organic  acidsjand  on  the  basis  of  these  values  drew  many  conclu- 
sions as  to  the  compoBition  and  constitution  of  acids ;thereby  furnishing  or- 
ganic chemistry  vrith  a  new  and  useful  means  of  investigating  questions  of 
constitution.^ 

In  a  word, whereas  Kohlrausch  made  the  determination  of  conductivity  pos- 
sible,by  establishing  a  convenient  and  accurate  method  of  measuring  it, 
Ostwald  pointed  out  the  practical  iniportaiice  of  these  measurements  by  indi- 
cating their  bearing  upon  the  solution  of  other  chemical  problems. 

The  first  serious  attempt  to  study  the  conductivity  of  alcoholic  solu- 

3 

tions  of  organic  acids  \7as  made  in  1888  by  Hartwij>  This  investigator  em^ 

ployed  the  Kohlrausch  method  of  measuring  conductivity  and  worked  with  so- 
lutions of  formic, acetic  and  butyric  acids  of  varying  concentrations  at  tem- 
peratures ranging  from  0°  to  30°.  He  found  that  conductivity  increased  with 
riee  i;  temperature, and  he  calculated  the  temperature  coefficients  of  con- 
ductivity by  means  of  the  equation 

No  other  conclusions, however, csn  be  drawn  from  Hartwig's  work, because  he  ex- 
pressed his  results  in  terms  of  grams  of  acid  in  100  grams  of  solution, in- 
stead of  in  terms  of  molecular  concentrations. 


1  Zeit.physik.Chem.  ,3, 1'^O, 241, 369(1889). 

2  Cf.also  reference  to  v/ork  of  Hantzsch  and  Voegelen.page  12. 

3  Wied. Ann. ,(2), 33, 58(1888). 
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In  1889  Kablukoff^  determined  the  oonduotivity  of  hydrochloric  acid  gas 
in  absolute  alcohol  axid  in   alcohol-water  mixtures  at  25°.  He  found  the  molec- 
ular conductivity  in  pure  alcohol  to  be  about  one-sixteenth  that  in  pure 
water.  In  the  mixed  solvent, the  conductivity  increases  with  increaoinf;  par- 
ceritage  of  water  .very  slowly  up  to  about  twelve  per  cent., of  water  (by  weight), 
and  then  more  sharply.  In  every  case  the  molecular  conductivity  increases 
slowly  with  dilution. 

Wakeman,^in  1893 ,aea3ured  the  conductivity  of  several  organic  acids  and 
their  sodium  salts, as  well  as  of  hydrochloric  acid, potassium  iodide, potassium 

chloride  aiid  sodium  chloride, in  alcohol-water  mixtures  ranging  from  pure  water 

3 
to  fifty  per  cent,  alcohol.  Using  Lenz's  values  for  the  relative  migration 

velocities  of  the  potassium  and  iodine  ions  in  solutions  of  potassium  iodide, 
he  was  able, by  means  of  his  conductivity  measurements, to  calculate  the  rela- 
tive migration  velocities  of  the  chlorine, hydrogen  and  sodium  ions  in  the  va- 
rious mixed  solvents  which  he  employed.  He  then  had  all  the  data  necessary  to 

4 
apply  Ostwald's  method  for  the  determination  of  the  u.^^,  values  of  the  organic 

acids  from  those  of  their  sodium  salts.  From  these  vsilues  it  was  a  simple 
matter  to  calculate  percentage  dissociation, and  thence, by  mea:i3  of  Ostwald's 
dilution  law, affinity  constants. 

The  results  obtained  show  that  for  a  given  acid  at  a  given  dilution, in- 
crease in  the  percentage  of  alcohol  causes  a  slight  decrease  in  dissocia-  . 
tion  and  a  more  rapid  decrease  in  the  affinity  constant  (K) .  For  a  definite 
alcohol-water  mixtiure  the  value  of  |<  decreases  regulsirly  v7ith  dilution, which 


1  Zeit.phyaik. Chen. ,4,429(1839). 

2  Zeit.physik.Chem. ,11,49(1893). 

3  Mem.ds  I'Acad.ds  St.Petersb. ,VII    series, 30, 9(1882) . 

4  Zeit.physik.Chsm.  ,2,270(1883)  jS, 170(1839).  See  also  Amer.Chen.  Joum.46,66(l91i; 
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seems  to  point  to  the  action  of  an  unknown  influence  which  decreases  the 

dissociation  to  such  an  extent  that  the  foraula  .— no  longer  holds. 

A  very  interesting  feature  of  Wakenan's  work  is  his  attempt  to  extrapolate 
the  value  of  molecular  conductivity  beyond  50  per  cent,  alcohol  in  the  di- 
rection of  100  per  cent,  alcohol, and  he  postulates  that  the  conductivity 
approaches  zero  as  a  limit. 

Sohall  ,in  1894, determined  the  conductivity  of  oxalic, picric  and  dichlor- 
acetic  acids  in  alcohol  and  in  alcohol-v/ater  mixtures.  The  molecular  con- 
ductivity of  these  acids  in  water  is  approximately  the  same, but  Sohall  found 
that  replacement  of  the  water  by  alcohol  decreases  the  conductivity  to  quite 
different  extents.  This  he  attributes  chiefly  to  change  in  the  degree  of 
dissociation.  In  alcohol-water  mixtures  the  acids  were  found  to  behave  very 
differently  from  what  they  did  in  the  pure  solvents.  Some  appear  to  behave 
just  the  opposite  of  what  might  be  expected: for  exasiple.picric  acid  gives  a 
much  higher, and  each  of  the  other  acids  a  much  lower  conductivity  value  in 
water-alcohol  mixtures  than  in  pure  alcohol. 

In  the  meantime  the  conductivity  method  had  been  applied  to  solutions  of 
electrolytes  in  a  variety  of  non-aqueous  solvents, with  the  result  that  not  a 
single  case  was  on  record  in  which  the  Ostwald  dilution  law  could  be  said  to 
apply, e>/'en  approximately.  In  order  to  tost  the  validity  of  this  law  for 
alcoholic  solutions,¥ildormann,iii  1894, carried  out  an  investigatior^  on  the 
conductivity  of  certain  organic  acids  (acetic, nonochloraoetic,dichloracetic, 
trichloracetic  and  succinic)  , in  absolute  alcohol  at  1^.  Absolute  alcohol 
was  obtained  free  from  aldehyde  by  treatment  with  silver  nitrate, and  from 


1  Zeit.physik.Chea. ,14,701(1394) . 
3  Zeit.physik.Chem. ,14,331(1894). 
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v/ater  by  heating  with  lims.  Great  care  was  exercised  in  protecting  it  from 
the  air, and  a  special  apparatus  was  constructed, vrith  the  aid  of  which  a 
measured  quaiitity  could  be  drav/n  out  of  the  supply  bottle  directly  into  the 
conductivity  cells.  Because  of  the  small  values  of  the  conductivities  to 
be  measured  the  cells  were  constructed  so  as  to  have  small  constants; but  in 
spite  of  this  the  external  resistances  required  were  high, and  hence  a  graph- 
ite resistaiice  rheostat  was  employed  to  make  the  tone  minima  more  distinct. 
Before  being  used, the  cells  were  washed  \ivith  running  water  for  8  to  10  days. 
They  could  not  be  dried  in  the  ordinary  way  by  washing  with  alcohol  and  then 
evaporating  the  alcohol, because  it  was  found  that  the  alcohol  which  was  in 
contact  with  the  platinized  electrodes  was  to  some  extent  oxidized  by  the 
air  to  acetic  acid.  Therefore, after  being  washed  with  \7ater,the  cells  were 
allowed  to  drain  completely, after  which  alcohol  was  introduced  so  as  to  wash 
the  glass  walls  without  coming  in  contact  with  the  electrodes, and  then  the 
alcohol  was  allowed  to  cover  the  electrodes.  Sosie  of  the  alcohol  was  then 
drawn  off  and  fresh  alcohol  added, keeping  the  electrodes  continuously  cov- 
ered,aiid  this  process  repeated  until  the  conductivity  remained  constant. 
This  often  cost  a  half-day  of  work  and  from  300  to  500  c.c.of  good  absolute 
alcohol.  All  the  solutions  were  made  up  in  the  cell; the  most  concentrated 
by  introducing  approximately  the  desired  quantity  of  acid,£md  from  this  the 
others  by  repeated  replacement  of  a  portion  of  the  solution  with  fresh  al- 
cohol. The  strength  of  each  solution  was  determined  by  titration  of  the 
portion  removed. 

Wildermann  found  that  the  conductivity  of  acetic, nonochloracstic  and 
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Buscinio  acids  v/as  so  small  that  the  values  were  unreliable, aiid  he  was  con- 
tent to  make  the  qualitative  statement  that  between  the  volumes  10  and  160 
these  substances  have  a  molecular  conductivity  which  increases  almost  di- 
rectly proportional  to  the  volume. 

In  order  to  understand  fully  his  conclusions  in  regard  to  the  stronger 
acids, it  will  be  necessary  to  consider  briefly  a  few  mathematical  relations 
which  Wildermann  deduced  from  the  dilution  law  of  Ostv/ald. 

As  Ostwald  showed-'-.the  dilution  law  -   /^oq  (  /xqo  -  ^  v )  V^  „  ^^  .  ^  (l) 

takes  the  form  -        u,^   =vk'--   -  -   -   -   -   -  -  --  --(^) 

for  weakly  dissociated  compounds.  Assuming  that  a  given  acid  in  alcoholic 
solution  obeys  the  dilution  law, if  we  increase  the  volui:ie  from  V  to  V,  ,we 

have, instead  of  (l)  and  (ll)  -    f^c^i ^^  -  Mv.)  V'  ^  j^ _  ^>^ 

A 

and   -    ^^,  .  V,  k'   _.---------"-  -  i^') 

Combining  (II)  and  (ll')  we  get  - 


Likewise, from  (l)  and  (l*)  thera  results  - 
Since   v,  >  v   /Uv,  >  M>/  ^^^   therefore  - 

%.  /too  -  /^v  ^ 

it  follows  that  ^^      is  always  less  than  —j-  and  approaches  this  value  as 
a  limit.  Therefore, as  molecular  conductivity  increases  in  concentrated  so- 

7- 
LLv 

lutions.as  long  as  the  compourid   is  slightly  dissociated  the  values  of    -^-^ 

___^ _^^ ^ /^v 

1  Zeit.physik.Chem.,S, 270(1888). 
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found  experimentally  will  not  differ  greatly  from  — ;but  with  increasing  di- 

lution  and  greater  degree  of  dissociation  J-^  will  decrease  in  value  and 

^^ 
differ  more  and  more  from — . 
V 

As  a  result  of  his  conductivity  measurements  on  di-  and  tri-ohloracetio 
and  6-resoroylic  acids.'ffildermann  drevY  the  following  conclusions: 

"(l)  For  dichloracetic  acid, when  V<  lo  liters  the  values  of  -^  are  less 
than  J-^  ;above  10  liters,  -^  is  greater  than  ^— -.at  dilutions  from  800  to 
2000  liters  -M^  becomes  almost  equal  to  -^.  The  increase  of  -^  is, therefore. 
continuous, not  only  in  concentrated  solutions  but  also  in  the  more  dilute, to 
which  the  equation-   |U„o(jaoo  -  Mv)  V   _  u 

^^\'  should  apply." 

"(2)  The  same  conclusions  are  even  more  nearly  true  in  the  case  of 

fMv, 
-rssorcylic   acid,v7here  the  increase  of   - —   is  almost  proportional  to  the 

volume." 

(3)  In  the  case  of  trichloracetic  aoid,vrIth  increase  in  dilution  from 

20  to  300  liters  -i-^  approaches  J— ^; and  beyond  300  liters  a  relation  obtains 
v/hich  can  be  expressed  approximately  by  the  dilution  law.   The  fact  that 
the  values  of  4^  tor   solutions  more  concentrated  than  300  liters  are  not  in 
keeping  with  the  dilution  lav/  was  confirmed  in  a  later  investigation^  by 
Wildermann  using  an  independent  method.  An  explanation  of  this  anomalous 
condition  was  offered  in  a  previous  papeirand  will  not  be  discussed  here. 

(4)  It  had  been  pointed  out  by  Ostwald.that  in  aqueous  solutions  the  de- 
gree of  dissociation  of  the  same  dilution  of  trichloracetic , dichloracetic. 


1  Zeit.physik.Chem., 14, 247(1394). 

2  Ber. ,26,1782(1893). 
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monochloracetio,and  acetic  acids  showed  a  decrease  in  the  order  named. 

A  like  succession  was  obsen/ed  by  Wildermann  for  the  same  acids  in  alcohol. 

In  summing  up,TVildei:aann  says  that  it  is  possible  to  apply  the  Kohlrausch 
method  to  the  determination  of  the  conductivity  of  strong  organic  and  inor- 
ganic acids  in  alcoholic  solution, but  that  reliable  results  could  not  be  ob- 
tained for  such  weal:  acids  as  acetic, monochloracetic, and  succinic.  However, 
even  in  the  cases  where  the  method  is  best  applicable, much  time  and  patience 
on  the  part  of  the  exparinsnter  are  required  to  obtain  results  that  are  at 
all  dependable. 

Because  of  the  difficulty  which  he  experienced  in  applying  the  Kohlrausch 
method  to  the  study  of  the  conductivity  of  weakly  dissociated  organic  acids 
in  absolute  alcohol  as  a  solvent  .Tifildermann  employed  another  method^  for  the 
investigation  of  these  acids.   This  consists  in  the  use  of  a  direct  current 
of  high  voltage  (146-150  volts).   Polarization  can  be  neglected, and  since 
the  external  resistances  are  large, the  measurement  of  conductivity  resolves 
itself  into  the  measure  of  the  strength  of  the  current.   This  is  done  com- 
paratively by  means  of  a  reflecting  galvanometer, the  solutions  being  con- 
tained in  capillary  tubes  of  varying  lengths  and  diameters.  The  same  conclu- 
sions were  reached  as  before, except  that  the  galvanometer  method  was  found 
susceptible  of  more  general  application  than  that  of  Kohlrausch. 

This  method  has  been  found  open  to  objection  by  Malmstrom""  ,who  prefers 
a  method  described  by  llemsir  whenever  small  conductivities  are  to  be  measured. 

In  1902  Hantzsoh  and  Voegelen 4 f ound  the  conductivity  method  capable  of 


1  Zeit.physik.Chem. ,14,247(1894) . 

2  Zeit.physik.Chem. ,22,331(1397). 

3  Zeit.physik.Chem., 14, 532(1894). 

4  Ber., 35, 1001(1902). 
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distinguishing  betweon  a  trus  acid  and  a  so-callod  "pssudo-aoii"  which  in 
aqueous  solution  partly  brealts  down  into  the  constituent  ions  of  tha  true 
acid.  The  application  of  the  method  in  this  instance  depends  upon  the 
different  behavior  of  the  molecular  conductivities  of  true  aiid  pseudo-acids 
in  aqueous-alcoholic  solutions  containing  different  percentages  of  alcohol. 
If  it  is  desired  to  test  \7hether  a  given  hydrogen  compound  is  a  pseudo-acid 
or  not, a  true  acid  with  approximately  the  same  affinity  constant  is  selected, 
and  the  molecular  conductivity  of  both  determined  in  aqueous  alcohol  at  a 
given  dilution.  Then, without  vaiying  the  dilution, the  percentage  of  alcohol 
is  increased  and  the  resulting  conductivities  determined.  If  the  molecular 
conductivity  of  the  hydrogen  compound  decreases  much  more  slowly  than  that 
of  the  true  acid, it  is  a  pseudo-acid.  Hantzsch  and  Voegelon  offered  no  ex- 
planation for  this  difference  in  behavior, but  they  supported  their  discovery 
with  widely  different  examples. 

In  the  last  fev/  ^.ears  Heinrich  Goldsc'nmidt^  has  applied  the  conductivity 
method  to  alcoholic  solutions  of  organic  acids, in  order  to  determine  the 
equilibrium  hydrogen  ion  -  alcohol  -  water; aiid  he  has  succeeded  in  throwing 
nev/  light  on  the  mechanism  of  esterif ication  and  on  the  formation  of  com- 
plex ions. 

In  his  earlier  work  (1895)  on  the  kinetics  of  esterif ication  in  alcoholic 
solutions  of  orga:iic  acids, uoldschmidt  had  observed  that  the  catalytic  action 
of  strong  acids  in  accelerating  esterification  was  greatly  diminished  by  the 
addition  of  water.  He  explained  this  on  the  assumption  that  the  accelerat- 
ing action  of  a  strong  acid  was  duo  to  the  formation  of  a  complex  molecule 


1  Zeit.eloktroch.l5,4(l909);Zeit.phy3ik.Chem., 70, 627(1910); Ibid. ,81,30(1912); 
Zeit.elektroch.,20,473(l914);Zeit.phy3ik.Ch em. ,89,129(1914). 
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by  union  of  the  acid  with  alcohol, s-Jid  that  the  retarde.tion  was  brought 
about  by  the  decomposition  of  this  molecule  by  water.   For  exar.ple,if 
hydrochloric  acid  were  acting  as  the  catalyser.a  compoimd  C2H50H,HC1 
would  be  fonned,and  this  would  be  acted  upon  by  water  according  to  the 
equation  -        C2H5OH,  HCl  4-  HoO  ^  C2H5OH  -f  HgO.HCl.    (I) 
For  a  tiEe"^  Goldschffiidt  thought  that  only  the  ionized  portion  of  the  com- 
plex molecule  took  part  in  the  esterif ication,and  he  undertook  to  detcr- 
3aine  from  measurements  of  reaction  velocity  the  equilibrium  in  the  reac- 
tion -  (C2H50H,n"^)  -j- H20^C2H50H  -f-(H20,H''^.     (ll) 
He  found  that  a  number  of  organic  acids  which  were  esterified  in  the  pres- 
ence of  hydrochloric  acid  showed  the  same  retardation  when  equal  volumes 
of  water  were  added.  From  this  he  concluded  that  his  assvunption  was  cor- 
rect and  he  calculated  the  equilibrium  constant  T' f or  the  equilibrium  - 

C(HiO,  H+) 
to  be  0.15. 

Later  (1909)  Goldschjridt  noticed  that  when  weaker  acids, such  as  tri- 
chlorbutyric, picric, etc. ,v/ere  used  as  accelerators, the  effect  of  water 
upon  the  reaction  velocity  could  not  be  calculated  by  means  of  the  con- 
stant r=  0.15, but  that  a  much  smaller  value  had  to  be  selected.  Under 
these  conditions  net  only  the  ionized  part  of  the  double  compound  alcohol- 
acid  v/aa  acting  as  catalyser  (according  to  equation  II)  ,but  also  the  un- 
dissociated  portion  (as  represented  in  equation  I).  Consequently  the  con- 
stant 0.15  was  not  wholly  dependent  upon  the  relation  between  the  ions, and 
could  not  be  used  to  characterize  the  equilibrium  hydrogen  ion  -  alcohol  - 
water.   Goldschraidt, therefore, devised  a  ne\7  way  of  obtaining  this  equi- 


1  Zeit.physik.Chem. ,60,728(1907) , 
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li'orium  constan-t, namely, the  determination  of  the  limiting  conductivities  of 
acids  in  absolute  and  aqueous  alcoholic  solutions. 

The  molecular  conductivity  of  an  acid  in  absolute  alcohol  at  infinite 
dilution  is  expressed  by  the  well-kno".Tn  equation  - 

flc   ^        U.  +  V   -   ^   -   _  _  .  .  _  CD. 
'.There  a  equals  the  migration  velocity  of  the  cations  and  V  that  of  the 
anion,  (it  is  assumed  that  there  are  at  least  two  kinds  of  cations  in  the 
solution—  free  hydrogen  ions  smd  the  complex  ions  (C2HcOH,H)   ;but  since 
the  ratio  of  these  two  must  alvrays  be  constant  they  may  be  considered  as 
one).   Ae  soon  as  water  is  added, a  new  kind  of  ion  is  formed  -  (H20,H)  , 
If  the  concentration  of  the  water  added  be  U  moles  per  liter, aiid  the  migra- 
tion velocity  of  the  ions  (H20,H)"''  be  u,' ,tha  conductivity  at  infinite  dilu- 
tion, U^l  , will  be  expressed  by  the  equation  - 

yUn  =  %ix  +  (  I  -  T^)  Lt'  +  V   -   -  -  -  -   -   .  (lEj. 

where  %  represents  the  fraction  of  a  gram  cation  which  is  still  present  in 
the  original  condition (as  free  or  alcoholated  hydrogen  ion) , and  i-%  the 
fraction  transformed  into  the  hydrated  ion  -  (HgO,!!)^.  Therefore, the  equi- 
librium equation .which  expresses  the  distribution  of  hydrogen  ions  between 
alcohol  and  water.is  - 


whence  1     =     °-'^^  \  -  i-     '-=    — 

'  Yi  +  y-  ri+  y 

Substituting  these  values  in  (ll),we  have  - 


and, since   si-  jiio-iL     ,thi3  reduces  to  - 

(^O    -/Lr,)(^+^)     -=        (u-LL')n     _     -        -       -      -     (ir; 

1  ZeiV."physTk.l:h'en.\Y9,Y3T(Y9Y4)'.'" 
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If  T/e  know  Lto  and  the  values  of  ^y,  corresponding  to  two  or  aore  values 
of  YL  ,the  equation  can  be  solved  for  t^,the  equilitriua  constant, and  for  u-uc', 
the  difference  between  the  migration  velocity  of  the  cations  in  aiihydrouo  al- 
cohol and  that  of  the  hydrated  ion  -  (H20,H)"''  in  aqueous  alcohol.  Therefore, 
in  order  to  teat  the  equation, it  is  only  necessary  to  deteraine  the  conduc- 
tivity at  infinite  dilution  of  several  organic  acids  in  pure  alcohol  and  in 
t'v7o  or  more  alcohol- water  mixtures. 

The  greatest  experimental  difficulty  in  doing  this  lay  in  the  preparation 
of  pure  absolute  alcohol.  At  firstl  metallic  calcium  was  used  for  this  pur- 
pose (von  Winkler's  method) , but  the  alcohol  prepared  in  this  way, although 
prs.ctically  free  from  water, was  found^  to  contain  considerable  amounts  of 
ammonia  (formed  by  the  action  of  water  upon  the  calcium  nitride  present  in 
the  calcium)  ;aiid  hence  this  method  had  to  be  abandoned.  After  further  ex- 
perimentation a  satisfactory  product  was  finally  obtained  in  the  follovring 
manner:  Ordinary  95%   alcohol  was  allowed  to  stand  in  contact  with  lime  for 
some  time  and  then  distilled  (Xailan).  This  treatment  reduced  the  water  con- 
tent to  about  0,006  -  normal, or  0.12  gram  per  liter.  The  same  process  was 
repeated, this  time  using  a  distilling  vessel  and  condenser  of  copper; and  the 
amount  of  water  present  was  decreased  to  0.003  -  normal, or  0,05  gram  per  li- 
ter. If  a  completely  anhydrous  alcohol  was  desired, the  product  of  the  first 
distillation  was  treated  with  calcium.  For  this  purpose  calcium  bars  were 
turned  on  a  lathe  to  remove  the  coating  of  hydroxide, and  the  bright  metal  was 
cut  into  pieces  the  size  of  a  pea.  An  amount  of  calcium  equal  to  ten  times 
the  amount  of  water  present  (about  0.1  gram)  was  introduced  into  the  alcohol. 


1  Zeit.elektroch., 15, 4(1909). 

2  Zeit.physik.Chem., 81, 30(1912), 
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The  whole  was  then  heated  for  several  hours, v»'ith  a  reflux  condenser  at- 
tached,and  a  rapid  stream  of  dry  air  was  passed  through  the  distillation 
chanber  to  reEOve  traces  of  ammonia.  In  this  way  absolute  alcohol  was  ob- 
tained having  a  specific  conductivity  of  2  x  10'  . 

With  a  good  quality  of  alcohol  in  his  possession  Goldschnidt  was  ready 
to  test  his  equation, and  he  began  his  study  with  hydrochloric  acid.  First, 
the  ttiolecultir  conductivity  in  absolute  alcohol  was  measured, at  dilutions 
ranging  from  10  to  5120  liters; and  from  the  values  obtained  for  the  more 
dilute  solutions  yUo  ,the  conductivity  at  infinite  dilution, ras  calculated 
with  the  aid  of  Kohlrausch's  fonnula  - 

/^«,   =   /^v  +  -^V^ 
The  mean  value  of  jxo   proved  to  be  89.  Then  the  conductivity  in  aqueous  al- 
cohol containing  different  amounts  of  water  (ri)  was  deternined  over  the 
same  range  of  dilution, and  the  limiting  conductivity ,  U-n  .corresponding  to 
each  alcohol-water  mixture  was  estima.ted  as  before.  The  results  show  that 
the  molecular  conductivity  of  solutions  of  hydrochloric  acid  in  alcohol 
first  decreases  with  increasing  percentage  of  v/ater,then  passes  through  a 
minimum  at  A^Z^arA   finally  begins  to  increase  again,  jlgo  behaves  in  a  sim- 
ilar manner. 

Using  the  value  89  for^o»and  combining  with  it  the  values  of  yU„  obtained 
for  the  different  water  concentrations  (n) ,Goldschmidt  solved  equation (III) 
for  ■^  and  u.-bc',end  obtained  the  constants  0.0583  and  42.7  respectively. 
(The  high  value  of  lx-u-'  shows  that  the  complex  ion  (H2p,H) ''' travels  m.uch 
more  slowly  than  the  free  or  the  alcoholated  hydrogen  ion).  The  constancy 
of  r  and  a-u'  is  evidence  in  favor  of  the  correctness  of  the  reasoning  by 
which  the  equation  was  developed. 
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In  order  to  determine  the  licit  of  applicability  of  the  constants  0.0583 
and  42.7,Goldsohir.idt  used  these  constants  to  recalculate  the  values  of  LLyy. 
He  found  satisfactory  agreement  between  the  calculated  values  arid  those  ob- 
tained experiment ally, 60  long  as  the  percentage  of  water   (  yl  )    in  the  alco- 
hol did  net   exceed  unity.      (Beyond  this  point  there  was  a  lack  of  agreement, 
caused  no  doubt  by  the  influence  of  water  upon  the  cigration  velocities  of 
the  ions).     Thus, Golds cl^ridt   showed  that  by  means  of  the  constants  0.0583 
and  42.7  the  effect  of  water  on  the  conductivity  of  alcoholic  solutions  of 
strong  acids  could  be  calculated. 

Desiring  to  adduce  further  evidence  in   support  of  his  theory ,Gcldsc!-aridt 
took  up  a  study  of  the  conductivity  of  sulphosalicylic  acid.       Ke  found  the 
behavior  of  this  acid  entirely  analogous  tc  that  of  hydrochloric.     The  no- 
lecular  conductivity  in  alcohol  v/as  influenced  to  the  same  extent  by  the  ad- 
dition of  water;ar.d  the  amount  of  this  influence  could  be  cs.lculated  with 
the  aid  of  the  constants  0.0583  and  42.7.     The  limiting  conductivity  in  ab- 
solute alcohol  (  Uo)   vvas  estimated  both  from  the  Uoo value  of  the  sodium  salt 
(by  the  method  of  Ostwald)   and  from  the yUco values  of  the  free  acid  in  aque- 
ous alcohol  (by  means  of  equation  III);and  the  figure  obtained  was  the  sajr.e 
(83)    in  both  cases. 

Satisfied  with  the  results  of  his   investigations  upon  the  stronger  acids, 
Goldschmidt  next  turned  his  attention  to  the  weaker  -picric  .trichloracetic , 
trinitrobenzoic,trichlorbutyric,dichloracetic  and  salicylic.     He  observed 
that  in   every  case  the  molecular  conductivity  increased  v/ith  increase  in  the 
concentration  of  the  water  present  in  the  solution.     The^a> values  for  the 
weaker  acids  could  not  be  determined  directly, as  had  been  done  previously 
for  the  strong  acids, and  Goldscteidt  employed  the  method  of  Ostwald  for 
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calculatinr  the  limiting  conductivity  of  an  acid  from  that  of  its  sodium 
salt.   The  values  obtained  are  given  in  the  following  table: 


yUoo (Na  salt)    Ucc (acid) 


47 

89 

41 

83 

51 

93 

46 

88 

44 

86 

45 

87 

48 

90 

44 

86 

Acid 

Hydrochloric 

Sulphosalicylic 

Picric 

Trichloracetic 
Trinitrobenzoic 

Trichlorbutyric 

Dichloracetic 

Salicylic 


A  glance  at  this  table  reveals  the  fact  that  the  difference  in  the  migra- 
tion  velocities  of  the  anions  is  ven/  slight. 

From  the  Uco  values  of  the  acids  the  degrees  of  dissociation  (aC)   and  the 
affinity  constants  (k)  were  calculated.  The  following  values  of  k  were 
obtained  for  the  solutions  in  absolute  alcohol: 

Acid  K 

Picric  1.8  x  lO"^ 

Trichloracetic  1.5  x  10" 

Trinitrobenzoic  8.3  x  10"'' 

Trichlorbutyric  1.0  x  lO'"' 

Dichlcraoetic  7.2  x  10'^ 

Salicylic  2.4  x  10''' 

The  influence  of  water  upon  the  values  of  k  was  also  investigated, with  the 
result  that  R  was  found  to  increase  regularly  with  increasing  concentration 
of  water.  The  lav/  of  this  increa.se  was  expressed  in  the  forn:  of  en  equation 
v/hich  Goldscliridt  deduced  from  theoretical  ccnsideraticna. 

In  conclusion, Coldschjnidt  showed  that  the  influence  of  the  weaker  acids 
upon  the  velocity  of  esterifi cation  could  be  calculated  by  means  of  the  con- 
stant 0.0583.  The  calculated  values  agreed  very  satisfactorily  with  those 
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obtained  experiEentallj'. 

This  v.'crk  of  Goldschmidt's  has  been  discussed  at  some  length, not  because 
it  is  a  final  v/ord  on  the  subject  with  which  it  deals, but  for  the  reason 
that  it  presents  an  excellent  illustration  of  the  ever  increasing  applica- 
bilit3'-  of  the  conductivity  method  to  the  solution  of  chemical  probleirs. 

EXPERIIffi-JTAL. 
Reagents 

The  alcohol  used  in  this  investigation  was  prepared  in  the  following 
way:  Ordinary  95f<.  alcohol  was  heated  for  several  days  with  lime  in  a  cop- 
per tank  provided  v/ith  a  ground  brass  stopper  and  reflux  condenser, and 
then  distilled  through  a  block-tin  condenser.  The  product  of  this  distil- 
lation was  reheated  with  fresh  lime  and  again  distilled, the  first  and  last 
portions  of  the  distillate  being  discarded.  The  receiver  for  the  distil- 
late was  a  6- liter  Jena  glass  bottle  having  a  three-holed  paraffined  cork 
as  stopper.  Through  one  hole  passed  a  siphon, through  another  an  adapter 
with  a  glass  stopcock, end  through  the  third  a  calciuE  chloride-soda  lime 
tube.  In  this  v/ay  the  alcohol  v/as  well  protected, during  distillation,froE 
impuritiee  in  the  air,erid  small  quantities  sufficient  for  making  up  the 
solutions  could  be  drawn  off  without  exposing  the  main  supply.  By  exer- 
cising extreme  care  it  is  possible  by  this  method  to  obtain  alcohol  having 
a  specific  gravity  of  0.78506  to  within  the  linit  of  error  ±  0.00002.   Ac- 
cording to  CircultiT  19  of  the  Bureau  of  Standards  such  alcohol  is  pure. 
The  alcohol  employed  in  the  conductivity  measurements  varied  in  specific 
gravity  from  0.78506  to  0.78517, the  latter  containing  99.964f.  alcohol. 

The  organic  acids  v.-ere  obtained  from  Kahlbaum  and  Schuchardt.  The  same 
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methods  of  purifyir.g  their  were  employed  as  v/hen  the  conductivities  of  these 
acids  were  determined  in  aqueous  solution  .  After  purification  they  were 
carefully  dried  in  a  vacuum  dessicator  containing  sulphuric  acid.  Whenever 
practicable  the  melting-points  of  the  acids  were  taken  as  one  criterion  of 
purity. 

Aqueous  solutions  of  ejur/ionia  were  used  for  titration  purposes, since  am- 
monia  had  been  fomid  by  V/ightcjanjWieDel  and  Jones  to  give  the  Fiost  satis- 
factory' results.  These  solutions  were  prepared  as  follov/s:  Concentrated 
ammonia  was  heated  and  the  gas  which  was  given  off  was  passed  first  over 
sodium  hydroxide, which  collected  a  large  part  of  the  water-vapor  and  any 
carbon  dioxide; then  over  sodius;, which  absorbed  the  remainder  of  the  water- 
vapor;and  finally  into  a  weighed  quantity  of  conductivity  water  in  a  meas- 
uring flask, until  the  amoimt  necessarjf  to  make  a  0.1  N  solution  was  dis- 
solved. By  diluting  this  solution  with  conductivity  water  any  desired 
strength  of  ajmuonia  could  be  obtained.  The  nonaality  of  each  solution  em- 
ployed was  determined  by  titration  against  standard  sulphuric  acid. 

Coralline  (rosolic  acid)  was  used  as  the  indicator, because  it  is  sensi- 
tive to  amiiionia  and  to  organic  acids  and  is  not  sensitive  to  carbon  diox- 
ide except  when  the  latter  is  present  in  fairly  large  quantity.  The  end- 
point  with  coralline  is  not  quite  as  sharp  and  distinct  as  with  phenol- 
phthalein,and  considerable  practice  is  necessary  before  reliable  results 
can  be  obtained. 

Apparatus 
On  account  of  the  high  resistance  of  the  alcoholic  solutions  of  the 


1  Amer.Chem.Joum.  ,44, 156(1910)  ;46, 56(1911)  ;48, 320,411(1912)  ;50, 1(1913). 

2  Joum.Amer.Chem.Soc.  ,36  ,2247-9(1914). 
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acids  it  was  found  necessary  to  make  use  entirely  of  the  cylindrical  type 

of  conductivity  cell.  The  method  of  obtaining  the  constants  of  these 

1  2 

cells  v/as  described  by  VJhite  and  by  Wightman  . 

Since  the  percentage  temperature  coefficients  of  conductivity  for  sub- 
stances dissolved  in  alcohol, as  well  as  the  coefficient  of  expansion  of 
the  alcohol  itself, are  so  large, it  is  necessary  to  regulate  the  tempera- 
ture as  closely  as  possible.  This  was  done  by  the  combination  of  a  spec- 
ially devised  gas  regulator  and  thermoregulator.  These  have  already  been 

3 
described  in  a  paper  by  Davis  and  Hughes, 

The  constant  temperature  baths  em.ployed  were  of  the  imiproved  form  de- 
signed by  Davis  , of  this  laboratory.  These  baths  are  of  about  60  liters 
capacity  and  are  rr&de   of  copper.  Heat  is  applied  to  a  heavy  iron  pipe 
outside  the  bath, and  v/ater  is  kept  circulating  through  this  pipe  by  means 
of  propellers.  Only  a  small  portion  of  the  water  in  the  thermostat  comes 
into  immediate  contact  with  the  heated  surface, and  this  portion  is  subse- 
quently mixed  v/ith  the  main  body  of  water, thereby  securing  much  m,ore  even 
distribution  of  temperature.  In  these  baths  ordinarily  the  temperature 
does  not  vary  m.ore  than  0.02°, which  is  sufficiently  constant  for  our  pur- 
pose. With  greater  precautions  as  to  insulation  against  changes  in  temper- 
ature,end  Y/ith  further  m.odif ication  of  the  thermoregulator, the  variation 
can  be  decreased  to  a  few  thousandths  of  a  degree. 

A  l/l2  horsepovi^er  direct-current  motor  served  as  a  source  of  power  for 
the  stirrers, the  pov/er  being  transmitted  by  belt  drives.  The  motor  proved 
to  be  a  great  improvement  over  the  hot-air  engines  formerly  used  in  this 


1  AmeV.'ChVm.  j"ourn.742  ,T27Tl^ C9 ) . 

2  Ibid., 42, 527(1^09) ;44, 64(1911). 

3  Zeit.physik.Chem. ,85,519(1913). 

4  Carnegie  In3t.\Vash.Pub.Mo.210,p.l21, 
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laboratory. 

The  thermoneters  employed  v;ere  of  the  differential  Becknann  type, and 
were  carefully  cor.pared  with  a  standard  Reichsanstalt  thermoKetei-, which 
had  been  calibrated  also  at  the  United  States  Bureau  of  Standards. 

The  resistance  box  which  was  used  throughout  this  entire  investigation 
had  also  been  calibrated  at  the  Bureau  of  Standards.  A  very  fine  Kohl- 
rausch  slide-wire  bridge  was  employed, by  means  of  which  it  v.'as  possible  to 
read  distances  on  the  slide-wire  corresponding  to  tenths  of  a  millimeter 
(the  total  length  of  the  vare  was  five  meters). 

Flasks, pipettes  and  burettes  for  measuring  purposes  were  in  all  cases 
carefully  calibrated. 

Procedure 

The  solutions  of  the  organic  acids  in  alcohol  v/ere  made  up  in  200  c.c. 
Jena  measuring  flasks  calibrated  for  25°.  The  quantity  of  dried  and  puri- 
fied acid  necessary  to  make  a  solution  of  the  required  normality  v/as  weighed 
out  on  a  v/atch  glass, and  v/as  washed  off  through  a  funnel  into  one  of  the 
measuring  flasks.  The  flask  was  shaken  until  all  the  acid  had  dissolved;  it 
was  then  filled  to  the  neck  with  alcohol, and  suspended  in  the  25  bath. 
VJhen   temperature  equilibrium  was  reached  it  was  filled  to  the  mark.  In  the 
ffieantime  a  conductivity  cell  was  thoroughly  washed  with  pure  alcohol  and 
dried  with  filtered  dry  air.  It  was  then  nearly  filled  vrith  the  solution 
which  had  been  made  up, and  placed  in  the  15*^  bath.  The  measuring  flask  con- 
taining the  remainder  of  the  solution  was  returned  to  the  25°  bath.  In  this 
way  four  dilutions  of  each  acid  were  prepared  -n/8,n/32,n/128  and  M/SlSjand 
the  four  cells  containing  them  placed  in  the  15°  bath.  In  addition, a  fifth 
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cell  was  emriloyed  to  measure  the  conductivity  of  the  pure  solvent. 

After  the  cells  had  remained  in  the  1^  bath  for  at  least  an  hour  the 
conductivities  of  the  solutions  were  measured.  Titrations  of  the  acids 
against  the  staixdard  SEmonia  were  made  siraultaneously  with  the  conductiv- 
ity measurements.  For  this  purpose  10  c.c.of  the  solution  in  question 
were  removed  by  means  of  a  pipette  from  the  proper  measuring  flask  in  the 
25°  bath.  A  i 
of  the  first. 

When  the  conductivities  of  the  four  solutions  and  of  the  alcohol  had 
been  determined  at  15°, the  cells  were  removed  to  the  25°  bath; and  after 
the  lapse  of  an  hour  measurements  were  made  as  before.  The  same  proce- 
dure was  followed  for  the  determinations  at  35  . 

At  first  thought  it  v/ould  seem  probable  that  keeping  the  solutions  in 
the  flasks  at  a  constant  temperature  (25°),aiid  subjecting  the  solutions 
in  the  cells  to  changes  in  temperaturs  (15°  -  35°),\70uld  produce  a  change 
in  the  rates  of  esterif ication.   If  this  v;ere  true, the  normalities  of  the 
solutions  in  the  cells  would  be  different  from  the  values  obtained  by  the 
titration  of  the  solutions  in  the  flasks, and  a  considerable  error  would  be 
introduced.  It  was  found, however, that  there  was  no  appreciable  difference 
in  the  amount  of  acid  present  at  any  moment  in  a  given  solution, whether 
the  solution  was  kept  in  the  25°  bath  continuously  for  3  hours  or  whether 
it  was  transferred  from  one  bath  to  another  during  this  time.  The  reason 
for  this  is  to  be  found  no  doubt  in  the  extremely  slow  rate  at  which  ester- 
ification  takes  place  under  the  conditions  of  this  investigation. 

Although  it  is  fairly  certain, then, that  variation  in  the  temperature  has 
no  measurable  effect  upon  the  rate  of  esterifi cation  in  alcoholic  solutions 
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of  the  orgaiiio  acids, this  variation  does  alter  to  a  considerable  extent  the 
voltc:e,niid  therefore  the  concentration, of  these  solutions.       For  exainple,a 
solution  which  has  a  volume  of  1000  c.c.at  25°    contracts  to  989.23  o.c.  \ihen 
cooled  to  15°  ,and  expaiids  to  1011.14  c.c.  v;hen  v;amed  to  35°.        Because  of 
this  fact  a  correction  has  to  be  applied  to  the  volume  calculated  from  ti- 
tration,before  molecular  conductivity'-  oar  be  estimated  at  15°   and  35°. 
This  correction  was  made  in  the  following  way:  Let  us   suppose  that  the  r.or- 
malitj''  of  a  given  solution  at  25°  ,as  determined  by  titration  against  ammo- 
nia,is  N25.     The  normality  at  15°  ,N]_5 , would  then  be  expressed  by  the  ratio 

Hog 

-— ^^  ;and  the  true  volume  at  15°    (i.e., the  number  of  litera  which  contain 
.98923    ' 

a  gram  molecular  weight  of  the  dissolved  acid)   would  be  the  reciprocal  of 
this  ratio,or  Jti^^SS.  .      Similarly, the  normality  at  35°  v/ould  be    --'^^ 


N25  1.01114 

and  the  volume  would  be  isuSiiiii  . 
^^25 

RESULTS, 

In  the  following  tables  of  conductivity  results  V,^is  the  volume  at  which 
the  solutions  were  made  up;  Vc.  is  the  corrected  volume.  The  corrections  were 
aprjlied  in  the  manner  just  described, both  for  expansion  or  contraction  of 
the  alcohol  and  for  change  in  the  concentration  of  the  acid  due  to  formation 
of  ester.  I.iolecular  conductivity  ,y^  .was  calculated  in  the  usual  manner. 

A  word  of  explanation  should  be  added  in  regard  to  the  method  of  calculat- 
ing temperature  coefficients  of  conductivity.  The  fonm.?lae  generally  em.ployed 

A'  '"^t              ^       T 
in  the  deterriinaticn  of  these  coefficients  are  T- — 'Tt'^ 'J'^.T^   and^s—^^ 

where  id^  mid  /i^-  represent  the  molecular  conductivities  of  the  srme  solution 

at  t  and  t'  respectively  (t»>t),  T  is  the  temperature  coefficient  expreened 

in  conductivity  units, and ^  is  the  percentage  temperature  coefficient.  But 
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these  formulae  e.b  such  are  noi  applicable  to  alcoholic  solutior.s  of  organic 
acids  because  the  true  vcluir.e  (\!d.)  of  a  given  solution  is  different  at  dif- 
ferent teciperatures  (due  to  the  causes  already  described).  For  example, in 
the  case  of  benzoic  acid  (see  Table  I)  ,the  H/8  solution  was  foujid  to  have  a 
volume  of  7.945  at  15°, of  8.05  at  25°, and  of  8.15  at  35°.  Before  the  conduc- 
tivities of  these  three  solutions  can  be  conpared  they  must  be  reduced  to 
ve.luee  ccrrespoz-iding  to  the  sar.e  volur.e.  For  the  sr.ke  of  sircplicity  V^  at 
25°  is  taken  as  the  standard  of  reference.  The  reduction  ofy^  at  15o  -to  Vc 
at  25°  is  r^ade  in  the  following  wa.y:  The  specific  conductivity  at  15° 

(0^002892  _Q  QQ0364  )  is  multiplied  by  the  difference  in  volume  at  15°  and 

7.945 
25°  (8.05-7.945=  0.105).  The  product  (0.000038)  is  added  to  the  EOlecular 

conductivity  at  15°  (0.0028S2) .giving  0. 002930, v/hich  represents  the  molecu- 
lar conductivity  at  15°  of  a  solution  of  volume  8.05.  This  value  (0.002930) 
and  the  value  of^il^    at  25°  (0.004073)  cca;  then  be  substituted  for^^t  and 
Jlf.'   in  the  above  equations  and  T  and  zd  are  found  to  be  0.0001143  and  3,90 
respectively.  Fimilarly  ,the  specific  conductivity  at  35°(— *-p~jg — •  »  0.000668) 
is  multiplied  by  the  difference  in  volume  at  25°  and  35°  (8.15-2.05  =  0.10). 
The  product  (0.000067)  is  subtracted  fromx  the  molecular  conductivity  at  35° 
(0.005444) , giving  0.005377, which  represents  the  molecular  conductivity  at  35° 
of  a  solution  of  volume  8.05.  This  value  (0.005377)  and  the  value  of.^^i^at  25° 
(0.004073)  can  then  be  substituted  for^lL-'  and^  in  the  foriv.ulae  and  T  and^ 
are  determined  to  be  0.0001304  and  3.20  respectively. 

The  values  of  temperature  coefficients  contained  in  the  follov/ing  tables 
(l-X:aV)  were  calculated  in  this  way  except  that  they  were  all  multiplied  by 
ten; that  i s .they  rejjres ent^the  increase  in  conductivity  per  ten  degrees  in- 
stead of  per  degree. 
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Table  I, 


-Benzoic  Acid, 


'olecular  Conduct ivi' 


V,a. 

Vc. 

javlSO.            Vc. 

>tv25°. 

Vc. 

jav350. 

8 

7.945 

0.002892        8.05 

0.004073 

8.15 

0.005444 

32 

32.62 

0.009884     32.99 

0.01405 

33.51 

0.01893 

128 

137.3 

0.04311     143.3 

0.06205 

149.7 

0.08563 

512 

536.7 

0.1583        544.7 

0.2233 

552.2 

0.2960 

Specific  conductivity  of  alcohol  at  15°, 0.000163; at  25°, 0.000149; 
at  350,0.000125, 


Temperature  Coefficients  of  Conductivity, 
15°  -  250  250  -  350 


V. 

Cond. units. 

Per  cent. 

Cond. units. 

Per  cent, 

8 

0.001143 

39.01 

0.001304 

32.00 

32 

0.00405 

40.52 

0.00459 

32.57 

128 

0.01715 

38.20 

0.01992 

32.10 

512 

0.0626 

38.96 

0.0687 

30.77 

Table  I I. -Phenyl  acetic  Acid. 
Molecular  Conductivity. 


v„,. 

Va. 

>ivl50. 

Va. 

juv250. 

\u. 

>iv350. 

8 

7.94 

0.004176 

8.04 

0.005560 

8.13 

0.007325 

32 

32.70 

0.01122 

33.42 

0.01614 

34.08 

0.02167 

128 

146.9 

0.04392 

152.2 

0.06347 

155.9 

0.08598 

512 

537.9 

0.1581 

545.0 

0.2245 

552.2 

0.2976 

Specific  conductivity  of  alcohol  at  15^ ,0.000168; at  25^,0.000149; 
at  350,0.000125. 


Temperature  Coefficients  of  Conductivity. 


15^ 


25= 


25^ 


V. 

Cond.units. 

Per  cent. 

Cond.units. 

Per  cent 

3 

0.001431 

33.84 

0.001584 

27.99 

32 

0.00467 

40.72 

0.00510 

31.60 

128 

0.01797 

39.49 

0.01993 

31.40 

512 

0.0643 

40.14 

0.0692 

30.82 
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Table  III— HHandelic  Acid. 


Molecular  Conductivity 


v^. 

V(^. 

^,150. 

Vc,. 

u^250. 
0.007273 

Vc. 

//350. 

8 

8.10 

0.005370 

8.20 

8.30 

0.009553 

32 

32.60 

0.01232 

33.01 

0.01680 

33.57 

0,02216 

128 

129.2 

0.03256 

130.S 

0.04303 

132.6 

0.05529 

512 

455.2 

0.09  377 

498.0 

0.1339 

504.8 

0.1787 

Specific  conductivity 
at  35°, 0.000056. 


of  alcohol  at  150,0.000050; at  250,0.000054: 


32 
128 
512 


Temperature  Coefficients  of  Conduc 

tivity. 

..  ..^.5?.- 

,25° 

.A^° -. 

35° 

Jon^.'uni-Cs." 

"fer'aeni. 

5on(5.*uni-£3.' 

••^er'cen^. 

0.001837 

33.79 

0.002165 

29.76 

0.00412 

33.01 

0.00499 

29.70 

0.00989 

29.84 

0.01151 

26.75 

0,0361 

35.12 

0.0374 

26,93 

Table  IV.— Cinnamic  Acid. 


Molecular  Conductivity 


v«. 

Vt. 

juvl5°. 

Vc. 

juv250. 

Vg. 

;/v350. 

3 

7.97 

0.001370 

8.66 

0.001782 

8.16 

0.002350 

32 

32.81 

0.003612 

33.28 

0.004603 

33.85 

0.006222 

128 

141.5 

0.01297 

144.0 

0.01660 

146,9 

0.02205 

512 

535.1 

0.04243 

541.4 

0.04737 

548,3 

0.06585 

Specific  conductivity  of  alcohol  at  150,0.000070; at  25°, 0.000084; 
at  350,0.000092. 


Temperature  Coefficients  of  Conductivity. 
150  -  250  250  -  350 


V. 

Cond, units. 

Per  cent. 

Cond. units. 

?er   cent 

8 

0.000397 

28.66 

0.000539 

30.25 

32 

0.000939 

25.63 

0.001514 

32,89 

128 

0,00341 

25.85 

0.00501 

30.18 

512 

0.00444 

0.01763 

37.22 
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Table  V.— Phenyl  propiolic  Acid, 
Molecular  Conductivity. 


Vv.. 

v.. 

u.l5^ 
0.01797 

v..  • 

>A^250. 

Vc. 

U^   35  0. 

8 

7.95 

8,04 

0.02240 

8.13 

0.02712 

32 

32.23 

0.03400 

32.61 

0.04273 

32.99 

0.05181 

128 

135.3 

0.06868 

137.5 

0.08G41 

139.8 

0.1070 

512 

532.4 

0.1535 

538.8 

0.1932 

545.1 

0.2478 

Specific  conductivity  of  alcohol  at  150,0.000070; at  25°, 0.000084; 
at  35", 0.000092. 


Temperature  Coefficients  of  Conductivity. 
15°  -  25°  25°  -  350 


V. 

Cond. units. 

Per  cent. 

Cond. units. 

Per  cent, 

8 

0.00423 

23.28 

0.00442 

19.73 

32 

0.00838 

24.36 

0.00843 

19.71 

128 

0.01661 

23,91 

0.01883 

21.79 

512 

0.0379 

24.40 

0.0519 

26.86 

Table  VI. — Mesaconic  Acid. 


Molecular  Conductivity. 

v^. 

Vc. 

a/ 15°.     Vc.    U.250. 

Vc. 

jU^  350. 

8 

8.11 

0.006683    8.22  0.008393 

8.36 

0.01044 

32 

31.67 

0.01264    32.47  0.01636 

33.16 

0.02059 

128 

130.5 

0.03132   132.6   0.04005 

134.6 

0.05074 

512 

551.1 

0.1080    564.3   0.1405 

575.5 

0,1784 

Specific  conductivity  of  alcohol  at  15° ,0.000067;at  25°, 0.000071; 
^RO  n_nnnn7A_ 


at  350,0.000074 


Temperature  Coefficients   of  Conductivity 
15°  -  25°  25°  -  35° 


V. 

Cond. units. 

Per  cent. 

Cond. units. 

Per  cent 

3 

0.001619 

23.90 

0.00187 

22.28 

32 

0.00340 

26.23 

0.00380 

23.23 

128 

0.00823 

25.86 

0.00S94 

24.82 

512 

0.0299 

27.03 

0.0351 

24.93 
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Table  VII.-Maleic  Acid. 


Moleculj 

ir  Conductivity. 

v^. 

V(^. 

^,15°. 

"t» 

W/250. 
0.1922 

Vc. 

«.350. 
0.2400 

8 

7,95 

'0.1504 

8.64 

8.14 

32 

32.24 

0,2913 

32. B5 

0.3768 

33.38 

0.4736 

128 

136.3 

0,5977 

139.3 

0.7806 

145.1 

1.0034 

512 

532,7 

1.184 

540.5 

1.537 

546.8 

1.932 

Specific  conductivity  of  alcohol  at  15°, 0.000078; at  25<'-', 0.000074; 
at  35°, 0.000071, 


Temperature  Coefficients  of  Conductivity, 
15°  -  25°  25°  -  35° 


V. 

Cond. units. 

Per  cent. 

Cond. units. 

Per  cent 

8 

0.0401 

26.36 

0.0449 

23.36 

32 

0.0799 

26.91 

0.0894 

23.73 

128 

0.1676 

27.34 

0.1852 

23.85 

512 

0.336 

27.98 

0.373 

24.27 

Table  VIII. — Fumaric  Acid. 
Molecular  Conductivity. 


^.^H. 

Vc. 

1^/15°. 
6.00471 

Vo. 

U/25°. 

Vc. 

yU/35°. 

8 

7,98 

8.09 

0.00629 

8.19 

0.00815 

32 

32,56 

0.00941 

33.20 

0.01291 

33.79 

0.01710 

128 

140.3 

0.0282 

144.8 

0.0392 

145.8 

0.0515 

512 

535.0 

0.0920 

543.2 

0.1276 

550.4 

0.1668 

Specific  conductivity  of  alcohol  at  15° ,0.000078; at  25°, 0.000074; 
at  35°, 0.000071. 


Temperature  Coefficients  of  Conductivity. 
15°  -  25°  25°  -  35° 


V. 

Cond. units. 

Per  cent. 

Cond. units. 

Per  cent 

8 

0.00152 

31.37 

0.00176 

27.98 

32 

0.00334 

34.90 

0.00389 

30,13 

128 

0.0110 

37.80 

0.0119 

30.36 

512 

0,0342 

36.60 

0.0370 

28.99 
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Table  IX, Itaoonic  Acid. 

Molecular  Conductivity. 


v«. 

Vl. 

|xa50. 

0.01452 

Vc. 

U^25°. 
0.01946 

Ye. 

fl^  35°. 

8 

7.95 

8,05 

8.14 

0.02504 

32 

32.25 

0.05870 

32.74 

0.0779  5 

33.20 

0.09963 

128 

133.0 

0.2413 

135.6 

0.3214 

137.9 

0.4100 

512 

532.1 

0.9737 

538.5 

1.2762 

545.1 

1.531 

Specific  conductivity  of  alcohol  at  15° ,0.000471; at  250,0.000391; 
at  35^,0.000314. 


Temperature  Coefficients  of  Conductivity. 
15°  -  250  250  -  350 


V. 

Cond. units. 

Per  cent. 

Cond. units. 

Per  cent 

8 

0.00476 

32.38 

0,00530 

27.24 

32 

0.01836 

30.81 

0.02030 

26,04 

128 

0.0754 

30.65 

0.0818 

25.45 

512 

0.2908 

29,51 

0.2360 

18,50 

Table  X, Aconitic  Acid. 

Molecular  Conductivity. 


v,„. 

Vt. 

JU.I50, 
0.01359 

Vc 

p250  . 
■'O.  017  57 

V<L. 

IU/350. 

8 

7,95 

8.045 

8.15 

0.02238 

32 

33,06 

0.02529 

33.63 

0.03403 

34.26 

0.04481 

128 

150,1 

0.06649 

155.6 

0.09492 

164.2 

0,1309 

512 

539,1 

0.1838 

545.2 

0.2606 

551,9 

0,3471 

Specific  conductivity  of  alcohol  at  15° ,0,000159; at  250,0.000139; 
at  350  ,0.000117. 


Ten^jerature  Coefficients  of  Conductivity, 
15°  -  250  250  -  350 


V. 

Cond. units. 

Per  cent. 

Cond. units. 

Per  cent 

8 

0.00382 

27,73 

0.00452 

25,73 

32 

0.00830 

32,36 

0.00996 

29,27 

128 

0.02599 

37.70 

0.0292 

30.76 

512 

0.0747 

40.18 

0.0823 

31.58 
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Table  XI.-^-Toluic  Acid. 


Molecular  Con^iuctivity. 


8 
32 


Vt.        >l/150. 
7.98     0.005429 
32,63     0.01299 


8.08  0.006721 
33.07  0.01637 


8.17  0.008174 
33.43  0.01992 


128  140.0   0.04298  •  142.7   0.05680  144.7   0.06917 


512  537,3   0,1230 


543,5   0,1745   549,8   0,2078 


Specific  conductivity  of  alcohol  at  15^,0.000090; at  250,0.000102; 
at  350,0.000113. 


Temperaturs  Coefficients  of  Conductivity 
15°  -  250  250  -  350 


V. 

Cond. units. 

Per  cent. 

Cond. units. 

Per  cent 

8 

0.001228 

22,36 

0.001357 

20,19 

32 

0.00320 

24.30 

0.00331 

20,22 

123 

0.01299 

29,65 

0,01141 

20,09 

512 

0,0501 

40,27 

0,0309 

17.71 

Table  XII.~ A -Toluic  Acid. 


Iv'olecular  Conductivii 


\' 

v... 

JU,150. 

Vc. 

jU/250. 

■  c. 

/<^350. 

8 

7.95 

0.001288 

8.04 

0.001648 

8,13 

0.002163 

32 

32,27 

0.003453 

32,68 

0.004444 

33.09 

0.005923 

128 

136,0 

0,01387 

138.3 

0.01770 

141.4 

0,02588 

512 

532,7 

0,04252 

539,1 

0.05283 

545,7 

0.06930 

Specific  conductivity  of  alcohol  at  15°, 0.000070; at  250,0.000084; 
at  350,0,000092, 


Teinperature  Coefficients  of  Conductivity. 
150  -  250  250  -  350 


V. 

Cond. units. 

Per  cent. 

Cond. unit 3. 

Per  cent 

8 

0.000345 

26.48 

0.000491 

29,79 

32 

0.000947 

27.08 

0.001406 

31,64 

128 

0.00360 

25.53 

0,00761 

42.99 

512 

0.00970 

22.49 

0.01553 

29.59 
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Table  XIII.-Benzilic  Acid. 


Molecular  Conductivity, 

V,.. 

v.. 

jtvlSO.            Vc.        Uv250. 
0.01660          8.05     t).02200 

8 

7.96 

32 

32.17 

0.05527        32.56     0.07267 

123 

134.0 

0.2176       137.1       0.2882 

512 

531.8 

0.8349        537.9        1.155 

Vc 
8.14 
33.04 
141.0 
544.3 


Iiv350. 
0.02799 
0.09271 
0.3711 
1.217 


Specific   conductivity  of  alcol 
at  350,0.000320. 


ol  at  15°, 0.000441; at  25°, 0.000379; 


Temperature  Coefficients  of  Comluctivity, 
15°  -   25°  25°  -   35° 


V. 

Cond. units. 

Per  cent. 

Cond. Units. 

Per  cent 

8 

0.00521 

31.03 

0.00568 

25.82 

32 

0.01673 

29.91 

0.01869 

25.72 

128 

0.0556 

29.47 

0.0726 

25.19 

512 

0.260 

29.05 

Table  XlV.-Oxyisobutyric  Acid. 
Molecular  Conductivity. 


Vc.  /tv35°. 

8.17  0.008346 

33.84  0.02264 

147.3  0.07969 

550.1  0.2713 


Specific   conductivity  of  alcohol  at  15°,0.000092;at  25° ,0.000107; 
at  35°, 0.000120. 


VrK. 

Vc.. 

a.l5°. 
0.005234 

V,t. 

u.25°. 
0.006666 

8 

7.99 

8.08 

32 

32.71 

0.01429 

33.33 

0.01813 

128 

139.5 

0.05022 

143.3 

0.05391 

512 

537.6 

0.1699 

543.8 

0.2208 

Temperature  Coefficients   of   Conductivity, 
15°  -   25°  25°  -   35° 


V. 

Cond. units. 

Per  cent. 

Cond. units. 

Per  cent 

8 

0.001374 

25.95 

0.001584 

23.76 

32 

0.00357 

24.52 

0.00417 

23.00 

128 

0.01232 

23.88 

0.01383 

21.64 

512 

0.0489 

28.45 

0.0479 

21.69 
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Table  XV. Malonic  Acid. 

Molecular  Conductivity. 


^n,. 

Vc. 

JUvl5°. 

Vf. 

)Lv  25°  . 
6.0237 

v^. 

Jit  1/35° 
0.0319 

8 

8.12 

0.0190 

8.13 

8.18 

32 

32.9 

0.0434 

33.2 

0.0555 

33.7 

0.0737 

128     129.3        0.0775  129.5        0.0985  129.6        0.1351 

512      512.8        0.2533  514.9        0.3150  518.1       0.4338 

Specific  conductivity  of  alcohol  at  15° ,0.000254  to  0.000246; 
at  250,0.000257  to  0.000249. 


Temperature  Coefficients   of   Conductivity. 
15°   -   25°  25°   -   35° 


V. 

Cond, units. 

Per  cent. 

Cond. units. 

Per  cent 

8 

0.0046 

24.5 

0.0079 

33.9 

32 

0.0113 

26.7 

0.0192 

35.9 

128 

0.0207 

26.1 

0.0359 

36.9 

512 

0.0613 

24.2 

0.1145 

36.4 

Table  XVI.-Ethyl  malonic  Acid. 
Molecular  Conductivity. 


v^. 

v^. 

a.  15°. 
6.01937 

v<^. 

u^25°. 
0.02590 

v,^. 

u^35°. 
0.03346 

8 

7.96 

8.05 

8.15 

32 

32.28 

0.05333 

32.70 

0.08345 

33.13 

0.1066 

123 

134.9 

0.2459 

137.1 

0.3236 

140.6 

0.4134 

512 

532.4 

0.9924 

538.5   • 

1.295 

545.1 

1.624 

Specific  conductivity  of  alcohol  at  15°  ,0.000441; at  25° ,0.000379; 
at   35°, 0.000320. 


Temperature  Coefficients  of   Conductivity^ 
15°  -   25°  25°  -   35° 


v. 

Cond. units. 

Per  cent. 

Cond. units. 

Per  cent 

8 

0.00631 

32.21 

0.00715 

27.61 

32 

0.01930 

30.08 

0.02175 

26.06 

128 

0.0727 

29.09 

0.0795 

24.57 

512 

0.291 

28.99 

0.309 

23.86 
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Table  XVII. -Propyl  inalonic  Acid. 

Molecular  Conductivity. 

V„.  Vt.  u.  15°.  V«,.  U.v25«.  V^.  Uv'SS^. 

8  7.95  0.03271  8.04  6.04220  8.13  0.05280 

32  32.21  0.07995  32.63  0.1049  33.09  0.1326 

128  136.0  0.2729  139.1  0.3663  141.4  0.4628 

512  533.3  1.021  539.4  1.346  545.7  1.S92 

Ppecific   conductivity  of  alcohol  at  lEP  ,0.000471; at  250,0.000391; 
at   350,0.000314. 

Tenj)erature  Coefficients   of  Conductivity. 
15°  -  250  250  -  350 


V. 

Cond, units. 

Per  cent. 

Cond. units. 

Per  cent, 

8 

0.00912 

27.57 

0.01002 

23.74 

32 

0.0239 

29.51 

0.0259 

24.69 

128 

0.0862 

30.78 

0.0890 

24.30 

512 

0.313 

30.30 

0.326 

24.22 

Table  XVI I I. -Put yl  irailonic  Acid, 
Molecular  Conductivity. 


p. 

V^. 
7.97 

ua50. 
6.0169 

v.. 

3.08 

U.250. 
'0.0219 

v.. 

8.19 

u^350. 
0.0277 

32 

32.89 

0.0269 

33.65 

0.0363 

34.26 

0,0479 

1?R 

142.3 

0.0549 

147.8 

0.0794 

153.2 

0.1069 

512 

535.0 

0.1257 

547.6 

0.1780 

555.0 

0.2364 

Specific   conductivity   of  alcohol  at  150,0.000078; at  250,0.000075; 
at  350,0.000071. 

Temperature  Coefficients   of   Conductivity. 
15^'  -  250  25°  -   350 


v. 

Cond. units. 

Per  cent. 

Cond. units. 

Per  cent 

8 

0.0048 

28.17 

0.0054 

24.66 

32 

0.0088 

32.00 

0.0108 

29.75 

128 

0.0224 

39.30 

0.0237 

29.85 

512 

0.0493 

38.31 

0.0553 

31.07 
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Table  XIX.-Eenzyl  imlonic  Acid. 
Molecular  Conductiviii . 


V,^. 

Ve.. 

Uvl5°. 
6.02391 

V^.        LC.25°. 
8.04     6.04200 

Ve. 

uv  350, 
{). 05155 

8 

7.95 

8.12 

32 

32.23 

0.04880 

32.64     0.06189 

33.04 

0.07738 

1?,B 

134.7 

0.1043 

137,1       0.1261 

139.4 

0.1723 

512 

533.0 

0.3017 

539.1       0.4032 

545.7 

0.5091 

Specific  conductivity  of  alcohol  at  15°  ,0.000149;  at   25*^  ,0.000137; 
at   350,0,000125. 


Temperature  Coefficients  of  Conductivity, 
15*^   -   25°  25°  -   35° 


V. 

Cond. units. 

Per  cent. 

Cond. units. 

Per  cent 

8 

0.00771 

22.48 

0.00898 

21.38 

32 

0.01167 

23.61 

0.01455 

23.51 

128 

0.0299 

28.15 

0.0334 

24.54 

512 

0.0980 

32.11 

0.0997 

24,73 

Table  XX.-Allyl  malonic  Acid, 

l.Tolecular  Conductivity, 

Y^,  V,.          UvlS-^.  V^.  Mv25°.  ^/e.  ^.35°. 

8  7.97  0.01309  8.06  6.01757  8.15  0.02304 

32  33.67  0.02867  33.52  0,03882  34.01  0.05068 

128  142,4  0.08701  145,2  0,1170  14S,6  0.1491 

512  540.6  0.2822  546.7  0.3756  553.4  0.4798 

Specific   conductivity  of  alcohol  at  15° ,0.000149; at   250,0,000127; 
at  350,0,000125. 

Temperature  Coefficients   of   Conductivity, 
150  -  250  250  -   35° 


V. 

Cond, units. 

Per  cent. 

Cond. units. 

Per  cent 

8 

0,00433 

32.70 

0.00522 

29.71 

32 

0,00976 

33,59 

0.01108 

28.54 

128 

0.0283 

31.90 

0.0286 

24.44 

512 

0.0902 

31.61 

0.0984 

26.20 
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Table  XXI .-Diethyl  malonic  Acid. 
Molecular  Conductivity. 

8  7.95  0.02857  8.05  0.C386O  8.14  D.05022 

32  32.25  0.06042  32.66  0.08044  33.04  0.1054 

128  136.0  0.1257  139.1  0.1732  142.2  0.2279 

512  533.3  0.2527  539.4  0.3441  546.0  0.4494 

Specific  conductivity  of  alcohol  at  15° ,0.000066; at  25° ,0.000077; 
at   35°, 0.000088. 

Tengjerature  Coefficients   of  Conductivity. 
150   _   25°  25°  -  35° 


V. 

Cond, units. 

Per  cent. 

Cond, units. 

Per  cent 

R 

0.00967 

33.43 

0.01107 

28.68 

32 

0.01845 

30.15 

0.02376 

29,54 

128 

0.0446 

34.68 

0.04-97 

28.70 

512 

0,0885 

34,62 

0.0999 

29,03 

Table  XXII.-Dipropyl  malonic  Ac5d. 

Molecular  Conductivity, 

V^.  Vc.  M^15°.  V^.  U.25°.  Vc,  fiv35°. 

8  8.12  6,03354  8.22  6,04453  8.33  0.05772 

32  31,29  0,06759  31.84  0.09058  32.45  0,1178 

128  130,3  0,1416  131.9  0,1689  133,6  0.2442 

512  540,3  0.3031  548.8  0,4078  558,3  

Specific  conductivity  of  alcohol  at  15° ,0,000067; at   25° .0,000071; 
at  35° ,0,000074. 

Temperature  Coefficients   of   Conductivity, 
15°  -   25°  25°  -   35° 


V. 

Cond. units. 

Per  cent. 

Cond. units. 

Per  cent 

8 

0.001619 

23.90 

0.00187 

22.28 

32 

0.00340 

26.23 

0.00380 

23.23 

128 

0.00823 

25.86 

0.00994 

24.82 

512 

0.0299 

27.03 

0.0351 

24.98 
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Tatle  XXIII.->*t^ChlorT3enzoic  Acid, 
iloleculer  Conductivity. 

g  7  9<j                 ..  8.04  0.005422  8.15  0.007153 

32  32*84  oioilofi  33.40  O.OlfJO  33.79  0.02149 

128  147.8  0.04907  151.7  0.06978    •  157.4  0.09523 

512  537,9  0,1829  545.0  0.2556  552,2  0.3402 

Specific  conductiviti-   of  alcohol  at  15^  .0.000159 ;ttt  25%0.000159i 
at  3^  ,0.000117, 

Ten^erature  Coefficients   of  Conductivity, 
15"  -  25^  25^  -   35° 


V.  Cond. units.  Per  cent.  Cond. units.  Per  cent. 

g  0.001641  30,27 

32  o!o0455  39,39  0,00514  31,93 

128         0,01942  38.56  0.02200  31.53 

512  0.0707  38.15  0,0802  31,38 

Table  XXIV.-»t,- Nitrofcenzoic  Acid. 

I'olecular  Conductivity. 

V,  Ve,  A-  15^.  Vc.  A-25«.  Vc.  A- 350 

"^8  7,98  0,005725  8,08  0.007470  8,17  0,009575 

32  3"   e'^  0.01786  33,07  0,02308  33,54  0,02915 

128  WO-e""  0,07293  143,5  0,09414  146.9  0,1178 

512  537.9  0,2754  544.1  0,3526  550,7  0.4362 

Specific  conductivity  of  alcohol  at  15%0.000133;at   25° . 0,000139; 
at  3 5°, 0.000145. 

Temperature  Coefficients   of  Conductivity. 
150  -  25°  25°  -   350 


Cond. units.     Per  cent.      Cond.urits.     Per  cent. 
0.001680  29.02  0.001995  26,71 

0  0^52''  28,86  0.00566  24.52 


V. 

8 
32 
128        0.01981 
512 


26,65      0,0210       22,31 
o!o740       26,56      0,0784       22.24 
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The  rate  at  -F'hich  the  organic  acids   comhine  v/ith  alcohol  can  be  seen 
from  the  follov«ing  data,      "Time   in  minutes"  represents  the  time  v/hich 
elapsed  hetv/een  the  preparation  erA  the  titration  of  the  solution   in  ques- 
tion.     "Per  cent,   decrease   in  normality", estimated  hy  dividing  the  differ^ 
ence  betv^een  the  calculated  normality  and  the  obsei-ved  normality  by  the 
calculated  normality , shows  the  rate  of  ester  forme.tion.     In  anticipatior 
of  the  discussion  to   follow, it  should  be  said  that  too  much  confidence 
ought  not  to  be  placed   in  the  absolute  values   of  per  cent,   decrease.     The 
relative  values  of  these  f  igures,hov/ever,are  thoroughly  reliable  and  lead 
to   interesting  conclusions, as  will  be  pointed   out   later. 
Table  XXV.-Eenzoic  Acid. 


Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

normality. 

normality. 

norme.lity. 

180 

0.1245 

0.1250 

0.40 

350 

0.1242 

0.1250 

0,64 

440 

0.1240 

0.1250 

0.80 

185 

0.03033 

0.03125 

2.94 

360 

0.03031 

0.03125 

3.01 

450 

0,03017 

0.03125 

3.46 

385 

0.007204 

0.007812 

7.78 

360 

0.006979 

0.007812 

10.66 

450 

0.006753 

0.007812 

13.56 

190 

0.001843 

0.001953 

5.63 

370 

0.001836 

0.0019  53 

5.99 

450 

0.001831 

0.0019  53 

6.25 

.  *  Table  XXA^I. 

-Phenylaoetic  Acid. 

Per  cent. 

Time  in 

Observed 

Calculat  ec 

decrease  in 

minutes. 

noiTiality. 

noi-mality. 

normality. 

170 

0.1246 

0.1250 

0.32 

380 

0.1244 

0.1250 

0.48 

460 

0.1243 

0.1250 

0.56 

180 

0.03025 

0.03125 

3.20 

390 

0.02992 

0.03125 

4.26 

465 

0.02967 

0.03125 

5.06 

180 

0.006733 

0.007812 

13.81 

390 

0.006570 

0.007812 

15.90 

465 

0.006446 

0.007812 

17.48 

190 

0.001839 

0.001953 

5.84 

400 

0.001835 

0.001953 

6.04 

470 

O.OOIBSI 

0.001953 

6.25 
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Table  XXVII. -I.Tand el ic  Acid. 


Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

normality. 

normality. 

normality. 

155 

0.1221 

0.1250 

2.32 

320 

0.1219 

0.1250 

2.48 

445 

0.1218 

0.1250 

2.56 

165 

0.03031 

0,03125 

3.01 

325 

0.03029 

0.03125 

3.07 

445 

0.03012 

0.03125 

3.62 

175 

0.007655 

0.007812 

2.01 

340 

0.007647 

0.007812 

2.11 

445 

0.007627 

0.007812 

2,37 

180 

0.002173 

0.001953 

.... 

345 

0.002008 

0.001953 

.... 

445 

0.002003 

0.001953 

.... 

Table  XXVI 11. 

-Cin)-)amic  Acid. 

Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

noi^me.lity. 

normality. 

normality. 

185 

0.1242 

0.1250 

0.66 

375 

0.1241 

0.1250 

0.72 

475 

0.1239 

0.1250 

0,88 

200 

0.03015 

0.03125 

3,  52 

390 

0.03005 

0.03125 

3.84 

480 

0.02987 

0.03125 

4.42 

110 

0.006987 

0.007812 

10.56 

300 

0.006946 

0.007812 

11.08 

390 

0.006885 

0.007812 

11.87 

120 

0.001849 

0.001953 

5.33 

300 

0.001847 

0.0019  53 

5.43 

390 

0.001844 

0.0019  53 

5,58 

Table  XXIX.-?h 

enylpropiolic  Acid. 

Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

normality. 

normality. 

normality. 

145 

.   0.12446 

0.12500 

0.43 

325 

0.12444 

0.12500 

0,45 

420 

0.12436 

0.12500 

0.51 

160 

0.03069 

0.03125 

1.79 

335 

0.03067 

0.03125 

1.86 

430 

0.03065 

0.03125 

1,92 

225 

0.007314 

0.007812 

6,37 

295 

0.007273 

0.007812 

6.90 

490 

0.007232 

0.007812 

7,42 

255 

0.001858 

0.0019  53 

4,86 

400 

0.001856 

0.001953 

4,97 

500 

0.001855 

0.0019  53 

5,02 
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Table  XXX.-Mesaconic  Acid. 


Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

normality. 

normality. 

normality. 

175 

0.1220 

0.1250 

2,40 

385 

0,1217 

0.1250 

2.64 

480 

0.1210 

0.1250 

3.20 

185 

0.03122 

0.03125 

0.12 

395 

0.03080 

0.03125 

1.77 

480 

0.03049 

0.03125 

2.99 

195 

0.007579 

0.007B12 

2.98 

395 

0.007539 

0.007812 

3.50 

480 

0.007512 

0. 007812 

3.84 

210 

0.001795 

0.001953 

8.09 

405 

0.001772 

0.001953 

9.27 

490 

0.001757 

0.0019  53 

10.03 

Table  XXXI, 

-Maleic  Acid. 

Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

noi'ffiality. 

normality. 

normality. 

180 

0.1245 

0.1250 

0.40 

350 

0,1243 

0.1250 

0.54 

450 

0.1242 

0.1250 

0.64 

190 

0.03068 

0.03125 

1.82 

360 

0.03043 

0.03125 

2.61 

450 

0.03029 

0,03125 

3.07 

190 

0.007256 

0.007812 

7.12 

355 

0.007153 

0.007812 

8.44 

445 

0.006970 

0.007812 

10.78 

195 

0.001857 

0.0019  53 

4.92 

360 

0.001850 

0,0019  53 

5.27 

450 

0.001849 

0,001953 

5.33 

Table  XXXII, 

-Fumaric  Acid.^ 

Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

normality. 

norca^.ity. 

normality. 

180 

0,1239 

0.1250 

0.88 

350 

0,1237 

0,1250 

1.06 

460 

0,1235 

0,1250 

1.22 

180 

0.03029 

0,03125 

3.07 

355 

0.03012 

0,03125 

3.62 

465 

0,02992 

0.03125 

4.26 

185 

0.007051 

0.007812 

9.74 

360 

0.006909 

0,007812 

11.56 

470 

0.006786 

0,007812 

13.13 

19  5 

0,001849 

0.0019  53 

5.33 

375 

0.001841 

0,001953 

5.74 

475 

0.001837 

0.001953 

5.94 
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Table  XXXIII. -Itaconic  Acid. 


Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

normality. 

normality. 

normality. 

195 

0.1244 

0.1250 

0.49 

345 

0.1243 

0.1250 

0.56 

445 

0.1242 

0.1250 

0.63 

200 

0.03067 

0.03125 

1.86 

350 

0.03054 

0.03125 

2.27 

445 

0.03046 

0.03125 

2.53 

160 

0.007437 

0.007812 

4.80 

310 

0.007375 

0.007812 

5.59 

410 

0.007334 

0.007812 

6,12 

170 

0.001859 

0.001953 

4.81 

315 

0.001857 

0.001953 

4,92 

415 

0.001855 

0.0019  53 

5.02 

Table  X>CXIV.. 

-Aconitic  Acid. 

Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

normality. 

normality. 

normality. 

180 

0.1244 

0.1250 

0.48 

340 

0.1243 

0.1250 

0.56 

460 

0.1241 

0.1250 

0.72 

185 

0.02992 

0.003125 

4,26 

345 

0.02974 

0.003125 

4,83 

460 

0.029  51 

0.003125 

5.57 

190 

0.006590 

0.007812 

15.54 

350 

0.006426 

0.007812 

17.74 

460 

0.006160' 

0.007812 

21.15 

200 

0.001835 

0.001953 

6.04 

360 

0.001834 

0.001953 

6.09 

470 

0.001832 

0.001953 

6,19 

Table  XXXV.- 

-  0 -Toluic  Acid. 

Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

normality. 

normality. 

normality. 

170 

0.1239 

0.1250 

0.38 

350 

0.1238 

0.1250 

0.96 

455 

0.1237 

0.1250 

1,04 

180 

0.03032 

0.03125 

2.98 

360 

0.03024 

0.03125 

3.23 

465 

0.03020 

0.03125 

3.36 

180 

0.007068 

0.007812 

9.52 

365 

0.007007 

0.007012 

10.30 

465 

0.006988 

0.007812 

10.55 

185 

0.001841 

0.001953 

5.73 

370 

0.001840 

0.001953 

5.79 

470 

0.001839 

0.001953 

5.84 
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Table  XXXVI. 

-/6-Toluic  Acid. 

Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

normality. 

norwality. 

normality. 

195 

0,1244 

0.1250 

0.43 

365 

0.12438 

0.1250 

0,50 

475 

0.1243 

0.1250 

0.56 

215 

0.03065 

0.03125 

1.92 

375 

0.03060 

0.03125 

2.08 

480 

0.03056 

0.03125 

2.21 

195 

0.007273 

0.007812 

6.90 

345 

0.007232 

0.007812 

7.42 

455 

0.007151 

0.007812 

8.46 

200 

0.001857 

0.0019  53 

4.92 

355 

0.001855 

0.001953 

5,02 

465 

0.001853 

0.0019  53 

5,12 

Table  XXXVII 

.-Eenzilic  Acid. 

Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

mi  nut  9S . 

norms-lity. 

normality. 

normality. 

180 

0.12432 

0.12500 

0,54 

345 

0.12426 

0.12500 

0.59 

530 

0.12417 

0.12500 

0.66 

190 

O.OS075 

0.03125 

1,60 

355 

0.03071 

0.03125 

1.73 

525 

0.03060 

0.03125 

2,08 

165 

0.007380 

0.007812 

5.53 

330 

0.007294 

0.007812 

6,63 

500 

0.007171 

0.007312 

8,20 

170 

0.001860 

0.001953 

4,86 

335 

0.001859 

0.0019  53 

4.81 

505 

0.001856 

0.001953 

4.97 

Table  XXXVI I I.- 

•Oxyisobutyric Ac 

id. 

Per  cent. 

Time  in 

Ob  served 

Calculated 

decrease  in 

minutes. 

normality. 

normality. 

normality. 

175 

0.1238 

0.1250 

0.96 

335 

0.12377 

0.1250 

0.98 

440 

0.1237 

0,1250 

1,04 

ISO 

0.03024 

0.03125 

3,23 

340 

0.03000 

0.03125 

4,00 

445 

0.02988 

0.03125 

4.38 

185 

0.007091 

0.007812 

9.23 

345 

0.006980 

0.007812 

10.65 

445 

0.006865 

0.007812 

12.11 

200 

0.001840 

0.0019  53 

5.79 

350 

0.001839 

0.001953 

5.84 

455 

0.001838 

0.001953 

5,89 
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T£tle  XXXIX. -Malonic  Acid. 


Per  cent. 

Time  in 

.Observed 

Calculated 

decrease  in 

minutes. 

no^'mality. 

noi-mality. 

normality. 

220 

0.1232 

0.1250 

1.44 

330 

0.1229 

0.1250 

1.68 

420 

0.1222 

0.1250 

2.24 

230 

0.03039 

0.03125 

2.75 

330 

0.03008 

0.03125 

3.75 

430 

0.02966 

0.03125 

5.09 

180 

0.00773 

0.00781 

1.05 

330 

0.00772 

0.00781 

1.18 

420 

0.00771 

0.00781 

1.31 

190 

0.0019  50 

0.0019  53 

0.16 

340 

0.001942 

0.0019  53 

0,51 

430 

0.001930 

0.001953 

1.18 

Table  XL.. 

-Ethyl  malonic  Acid. 

Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

normality. 

normality. 

norme-lity. 

190 

0.12425 

0.12500 

0.60 

340 

0.12419 

0.12500 

0.65 

450 

0.12411 

0.12500 

0.71 

190 

0.03065 

0.03125 

1.92 

340 

0.03058 

0.03125 

2.14 

455 

0.03052 

0.03125 

2.34 

160 

0.007334 

0.007812 

6.12 

305 

0.007294 

0.007S12 

6.63 

425 

0.007191 

0.007812 

7.95 

165 

0.001858 

0.001953 

4.86 

310 

0.001857 

0.001953 

4.92 

430 

0.001855 

0.0019  53  ■ 

5.02 

Table  XLI.. 

-Propyl  malonic  Acid, 

Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

normality. 

normality. 

normtality. 

150 

0,1244 

0.1250 

0.48 

325 

0.12436 

0.1250 

0.51 

435 

0.12428 

0.1250 

0.58 

155 

0.03071 

0.03125 

1.73 

330 

0.03065 

0.03125 

1.92 

435 

0.03056 

0.03125 

2.21 

100 

0.007273 

0.007812 

6.90 

270 

0.007191 

0.007812 

7.95 

365 

0.007151 

0.007612 

8.46 

100 

0.001855 

0.0019  53 

5.02 

270 

0.001854 

0.001953 

5.07 

365 

0.001853 

0.001953 

5.12 
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Table  XIJI. 

yt-Hutyl  malonic  Acid 

Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

normality. 

normality. 

normality. 

175 

0.1241 

0.1250 

0.69 

345 

0.1238 

C.1250 

0.96 

440 

0.1235 

0.1250 

1.20 

185 

0.03008 

0.03125 

3.72 

355 

0.02972 

0.03125 

4.90 

445 

0.02952 

C. 0312 5 

5.55 

185 

0.006950 

0.007812 

11.03 

355 

0.006766 

0.007812 

13.39 

445 

0.006602 

0.007812 

15.49 

195 

0.001849 

0.0019  53 

5.33 

360 

0.001826 

0.0019  53 

6.50 

450 

0.001822 

0.001953 

6.71 

Table  XLIII 

.-Benzyl  malonic  Acid, 

Per  cent. 

Time  in 

Observed 

Calculated 

decrease   in 

minutes. 

normality. 

normality. 

normality. 

19  5 

0.1245 

0.1250 

0.40 

355 

0.1244 

0.1250 

0.48 

460 

0.1243 

0.1250 

0.56 

195 

0.03069 

0.03125 

1.79 

355 

0.03064 

0.03125 

1.95 

465 

0.03060 

0.03125 

2.08 

165 

0.007345 

0.007812 

5.98 

325 

0.007294 

0.007812 

6.63 

435 

0.007253 

0.007812 

7.16 

165 

0.001856 

0.0019  53 

4.97 

320 

0.001355 

0.001953 

5.02 

430 

0.001853 

0.0019  53 

5.12 

Table  XLIV 

,-Allyl  malonic  Acid. 

Per  cent. 

Time  in 

Observed 

Calculated 

decrease   in 

minutes. 

normality. 

normality. 

normality. 

145 

0.12413 

0.12500 

0.70 

335 

0.12407 

0.12500 

0.74 

455 

0.12403 

0.12500 

0.78 

155 

0.02991 

0.03125 

4.29 

345 

0.02983 

0.03125 

4.54 

460 

0.02973 

0.03125 

4.86 

125 

0.006946 

0.007312 

9.80 

315 

0.006385 

0.007812 

11.87 

425 

0.006803 

0.007812 

12.92 

135 

0.001830 

0.001953 

6.30 

325 

0.001829 

0.001953 

6.35 

435 

0.001827 

0.0019  53 

6.45 
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Table  XLV. 

-Diethyl  malonic 

.Acid. 

Per  cent. 

Time  in 

Obsei'ved 

Calculated 

decrease  in 

minutes. 

normality. 

normality. 

normality. 

200 

0.1<'440 

0.12500 

0.48 

360 

0.12425 

0.12500 

0,60 

465 

0.12415 

0.12500 

0.68 

210 

0.03067 

0.03125 

1.86 

370 

0.03062 

0.03125 

2.02 

475 

0.03060 

0.03125 

2.08 

165 

0.007273 

0.007812 

6.90 

330 

0. 007151 

0.007812 

7.95 

485 

0.007110 

0.007812 

8.99 

165 

0.001855 

0.001953 

5.02 

330 

0.001B54 

0.001953 

5.07 

485 

0.001852 

0.001953 

5.17 

Table  XLVI.-Dipropyl  malonic  Acid. 


Per  cent. 

Time  in 

Observed 

Calculated 

decrease  in 

minutes. 

normality. 

normality. 

normality. 

195 

0.1218 

0,1250 

2.56 

360 

0.1216 

0.1250 

2,72 

465 

0.1214 

0.1250 

2,88 

205 

0.03162 

0.03125 

.... 

365 

0.03141 

0.03125 

.... 

470 

0.03116 

0.03125 

.... 

225 

0.007595 

0,007812 

2.78 

375 

0.007580 

0.007812 

2.97 

480 

0.007566 

0.007812 

3.15 

230 

0,001831 

0.001953 

6.25 

395 

0.001822 

0.001953 

6.71 

485 

0.001811 

0.001553 

7,27 

Table  XLVII.->»t-Ghlorbenzoic 

Acid. 

Per  cent. 

Time  in 

.  Observed 

Calculated 

decrease  in 

minutes. 

normality. 

noi^mality. 

normality. 

160 

0.1245 

0.1250 

0.40 

355 

0.1243 

0.1250 

0,56 

470 

0.1241 

0.1250 

0.72 

170 

0.03012 

0,03125 

3.62 

365 

0.02994 

0,03125 

4,19 

480 

0,02992 

0.03125 

4,26 

175 

0.006692 

0.007812 

14.34 

375 

0.006590 

0.007812 

15.64 

480 

0.006426 

0.007812 

17.74 

185 

0.001839 

0,0019  53 

5.84 

375 

0.001835 

0.001953 

5.04 

480 

0,001831 

0.001953 

6.25 
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Table  XLVIII.>n.-Nitrofcenzoic  Acid. 


Per  cent. 

Time  in 

O'Dserved 

Calculated 

decrease  in 

minutes. 

normality. 

normality. 

normality. 

160 

0.12389 

0.12500 

0,89 

340 

0.12383 

0.12500 

0,94 

455 

0.12376 

0.12500 

0.99 

155 

0.03030 

0.03125 

3,04 

345 

0.03024 

0.03125 

3.23 

455 

0.03015 

0.03125 

3.52 

175 

0,007028 

0,007812 

10.04 

355 

0.006967 

0.007812 

10.7S 

455 

0.006885 

0.007812 

11.87 

180 

0.001839 

0.001953 

5.84 

360 

0.001838 

0.001953 

5.89 

485 

0.001836 

0.001953 

5.99 

DISCUSSION  OF  THE  RESULTS. 

The  most  striking  feature  of  the  conductivities  of  the  organic  acids  ir. 
alcohol,as  shown  by  aii  examination  of  the  foregoing  tables, is  their  extremely 
smg.ll  value.  It  will  be  recalled  that  Wakemanl,in  the  course  of  his  work 
on  alcohol-water  mixtures, plotted  curves  of  conductivity  of  the  organic  acids 
against  percentage  alcohol jejid, on  extending  the  curvec  in  the  direction  of 
loot  alcohol, found  that  they  apparently  approached  zero  conductivity  as  a 
limit.  As  can  be  seen  from  my  results, the  conductivities  do  not  actually 
approach  zero, but  they  never  exceed  tv/c,aiid  in  the  great  majority  of  oases 
fall  belov/  unity.  It  will  also  be  remembered  that  because  of  the  extremely 
high  resistances  off ered  by  alcoholic  solutions  of  the  orguiic  acids.V/ildor- 
mann2  abandoned  the  Kohlrausch  method  as  a  means  of  studying  the  conductiv- 
ity of  these  solutions.  The  difficulty  which  he  exjjerienced  v/as  obviated 

1.  Cf.  page  8. 

2.  Cf.  page  12. 
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by  the  author  "b'/  the  use  of  cells  with  Kiuch  smaller  constants  than  those 
employed  ty  Wildem-.c'jir..  Even  with  this  imxiroveirient ji^t  was  found  necessary 
to  discard  all  the  verj-  v?ealc  organic  acids, such  as  the  neEbers  cf  the  acetic 
acid  series. 

The  conductivities  of  the  orgai-.ic  acids  in  alcohol  are  several  hundred 
tides  SEialler  thaii  the  conductivities  of  the  saoae  acids  in  water,  \7nen  v;e 
consider  the  fact  that  alcohol  has  froru  one-fourth  to  one-fifth  the  disso- 
ciating power  of  v/ater,as  shown  by  the  dissociation  of  strong  electrolytes 
in  these  solvents, the  above  fact  does  not  at  present  seen  to  admit  of  any 
satisfactory  explanation. 

The  percentage  tec'.perature  coefficients  of  conductivity  vary  from  two 
and  one-half  to  four  per  cer^t.  and  decrease  with  rise  in  temperature.  They 
are  unifcrnly  higher  than  the  corresponding  values  in  aqueous  solutions, 
which  range  froir  one  to  tv/o  and  oie-half  per  cent.  In  the  light  of  the 
work  which  has  been  done  in  this  laboratory , these  results  suggest  the  fol- 
lowing possibilities: 

(1)  It  ir.ight  be  that  there  is  greater  alcoholaxion  in  alcoholic  solu- 
tions thari  hydration  in  aqueous  solutions, end  that  the  amount  of  alcchol- 
ation  decreases  v/ith  rise  in  temperature.  This  view, however, is  not  sub- 
stantiated by  previous  experiences.  The  alccholates  may  be  more  unstable 
with  rise  in  teiuperature  than  the  hydrates, but  alcohol  seems  to  have  in 
general  far  less  power  to  combine  with  dissolved  substraices  than  water. 

(2)  If  the  temperature  coefficient  of  fluidity  of  alcohol  v.-ere  greater 
than  that  of  water, with  rise  in  temperature , the  ions  in  alcoholic  solutions 
would  have  greater  freedom  of  movement  than  in  aqueous  solutions.  This  would 
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account  for  the  larger  temperature  coefficients  of  conductivity'-  in  alcoholic 
solutions.  Unfortunately, euch  is  not  the  case.  The  terperature  coefficient 
of  fluidity-  of  water  is  grester  than  that  of  alcohol, as  cai'.  be  seen  frorr 
the  following  values  calculated  fror-  the  results  of  Wightman, Davis, Holmes 
and  Jones :1 

Fluidities. 

150      250      350 

Water  88.18         112.23         138.89 

Alcohol  77.45  94.88  114.80 

Temperature  Coefficients  of  Fluidity. 

15*^-   25°  25°.   35° 

Water       2.73  2.37 

Alcohol      2.25  2.10 

In  spite  of  this, it  is  possible  that  the  greater  expansion  of  alcohol 
with  rise  in  temperature  affords  the  ions  greater  freedoK  of  noveEient. 

(3)  A  suggestion  which  seeas  to  be  far  cere  probable  thaii  either  of  the 
tv/c  preceding  suggestions  is  that  the  association  of  alcohol  is  affected 
to  a  less  extent  by  rise  in  temperature  than  the  association  of  water.  If 
this  be  true, the  dissociating  povrer  of  alcohol  relative  to  that  of  v/ater 
will  becone  greater  with  rise  in  tem.perature.  This  would  explain  the 
greater  temperature  coefficients  of  conductivity  of  alcoholic  solutions. 

The  increase  in  conductivity  with  rise  in  temperature  can  be  seen  from 
Figs.l  aiid  2.  The  curves  have  very  much  the  appearance  of  those  for  aqueous 
solutions.  This  suggests  the  thought  that  perhaps  the  increase  of  molecular 
conductivity  in  alcohol  with  rise  in  temperature  is  a  parabolic  function  as 


1.  Journ.Chl-m..Phys.  ,12,406(1914). 
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in  aqueous  soluticnsjand  that  the  Euler  equation  - 

/Uy  =   yUo  -t-  at  -  bf^ 
applies  to  both.  This  v;ill  be  tested  in  later  work  by  deterrcir-ing  the  con- 
ductivities of  some  of  the  acids  at  temperatures  other  than  15°, 25°  and  35°, 
and  comparing  the  results  obtained  with  those  calculated  from  this  equation. 

The  effect  of  increase  in  dilution  is  to  increase  molecular  conductivity. 
The  increeise  in  conductivity  in  many  cases  is  almost  proportional  to  the 
volume.  This  relation  is  shovm   graphically  in  Figs. 3  and  4. 

A  I'jiowledge  of  the  extent  to  which  organic  acids  are  dissociated  in  al- 
coholic solution  \Y0uld  be  highly  desirable.  It  is  hoped  that  a  method  for 
the  determination  of  percentage  dissociation  v/ill  be  vrorked  out  in  the  near 
future.   It  will  be  recslled  that  Goldschjiudtl  obtained  values  for  the  lim- 
iting conductivities  of  several  organic  acids  in  alcohol  from  the  M«  values 
of  their  sodiua^  salts.  These  varied  from  83  to  93, depending  on  the  nature  of 
the  acid.   It  has  not  yet  been  found  practicable  to  determine  the  limiting 
conductivities  of  the  organic  acids  studied  in  this  investigation,but  as  a 
result  of  Goldschridt's  work  it  is  certain  that  they  do  not  differ  greatly 
from  90.   If  this  be  the  case, the  disGc-ciation  of  the  organic  acids  studied 
by  the  author, as  determined  by  conductivity , do  not  in  any  case  exceed  2% 
even  in  11/512  solutions. 

Relation  betv;een  Composition  and  Conductivity. 

In  his  classical  study  of  the  conductivity  of  aqueous  solutions  of  organic 
acids, to  which  reference  has  already  been  made,20stwald  pointed  out  a  number 
of  relations  between  coKposition  and  molecular  conductivity.  The  validity  of 

1.  Cf.page  19. 

2.  Cf.page  6. 
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these  relations  has  been  confirmed  "by  the  work  which  has  been  in  progress  in 
this  laboratorj-  for  the  past  fifteen  years.  In  viev/  of  this, an  examination 
of  the  results  obtained  for  alcoholic  solutions  in  the  attempt  to  discover 
similar  relations  should  prove  to  be  extrecely  interesting. 
Take  first  the  series  - 

phenylpropionic  acid     CgH5-CH2-CH2-C00H 
c inn ami c  acid  CgHj-CH*  CHCOOH 

phenylpropiolic  acid     C5H5-C  h  C-COOH 
The  conductivity  of  phenylpropionic  acid^  is  about  tv,'ice  that  of  cinna£:ic 
acid  (Table  IV).  The  remova.1  of  two  hydrogen  atoms  with  formation  of  a 
double  bond  thus  decreases  the  conductivity.  This  is  foujid  to  be  true  also 
in  the  case  of  propyl  malonic  and  allyl  malonic  acids  (Tables  VJll   and  }CX) . 
On  the  other  hand, if  a  second  pair  of  hydrogen  atoms  is  removed, with  forma- 
tion of  a  triple  bond, the  conductivity  is  considerably  increased.  The  val- 
ues of  ^y,  for  phenylpropiolic  acid  (Table  V)  are  many  times  larger  than  the 
corresponding  values  for  cinnairic.  The  same  relation  was  found  to  exist  in 
aqueous  solution.^ 

Consider  the  following  series  - 

benzoic  acid  C6H5-COOH 

0  -toluic  acid  0 -CH3-CgH4-C00H 
yt-toluic  acid  /^-CH3-CgH4-C00H 
>T7 -chlorbenzoic  acid  wi-Cl  -CgH4-C00H 
m -nitrobenzcic  acid  rvj-N02-CgK4-C00H 
The  conductivities  of  benzoic  acid  (Table  I)  and  of  o-toluic  acid  (Table  XI) 


1.  The  complete  data  for  this  acid  will  soon  be  published  in  the  Jcum. 
Amer.Chem.Soc. 

2.  Cf. Carnegie  Inst. Wash.Pub. No. 170, pages  115  and  132. 
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are  aboui:  equal,whereas  the  conductivity  of  yt-toluic  acid  (Table  XII)  is 
ven?'  much  less.  That  the  sarce  relation  holds  also  for  other  substituent 
groups  may  be  seen  from  the  results  obtained  last  year  by  Wightinan,Wiesel 
and  Jones. 1  For  example, the  conductivity  of  o -ohlorbenzoic  acid  and  of 
o-nitrobenzoic  acid  are  approximately  the  same  as  that  of  benzoic  acid, but 
the  conductivities  of  the  corresponding  para-acids  are  considerably  less. 

It  is  a  well-established  fact  that  in  aqueous  solution  the  conductivity 
of  benzoic  acid  is  somewhat  increased  by  the  introduction  of  a  methyl, 
chlorine  or  nitro  group  in  the  para  position, and  enormously  increased  by 
the  introduction  of  one  of  these  groups  in  the  ortho  position.  In  contra- 
distinction to  this, the  effect  of  these  groups  upon  the  conductivity  in 
alcoholic  solution  appears  to  be  negative.   Just  the  opposite  is  true  if 
the  chlorine  or  nitro  group  occupies  the  ceta  position, as  can  be  seen  from 
Tables  XXIII  and  XXIY.  In  this  case  the  conductivity  of  benzoic  acid  is 
somewhat  increased. 

Turn  now  to  the  following  group  - 
maleic  acid 


H-g-COOK 
H-C-COOH 


furriaric   acic 


ir.esaoonic  acxa 


KOOC-C-H 
H-C-COOH 

HOOC-C-CK3 
H-cl-COOH 


CK2 
11 
itaconic  acid  C-COOK 

CHg-COOH 
The  conductivity  of  maleic  acid  (Table  VII)    proves  to  be  many  times  that  of 
fumaric  acid  (Table  VIII).  This  fact  is  in  keeping  with  the  results  obtained 
1.    Journ.Amer.Chem.Soc, 36, 2251-2(1914). 
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in  aqueous  solution-^  and  with  the  present  day  conception  of  the  configura- 
tion of  these  acids.  V/hen  one  hydrogen  atom  in  fumaric  acid  is  replaced  by 
a  methyl  group, the  conductivity  is  increased  slightly.  Thus, the  values  of 
jXy  for  mesaconic  acid  (Table  VI)  are  unifornly  higher  than  those  of  fumaric 
acid.  Itaconic  acid  (Table  IX), which  has  the  sane  composition  as  icesaconic 
acid  but  differs  in  constitution, being  methylene  succinic  acid, has  a  great- 
er conductivitj'-  than  mesaconic  acid. 
Benzilic  acid, with  the  forr.ula  - 

C.Kc  ,    OH 

CgHg-^  ^COOH 
has  a  much  greater  conductivity  than  the  corresponding  methyl  derivative, 
cxyisobutyric  acid  (Table  XIV)  - 

CH, ^    OH 

CHg^  ^  COOH 
This  is  in  keeping  with  the  results  obtained  for  these  acids  in  aqueous  so- 
lution ^  and  with  the  general  observation  that  the  replacement  of  a  methyl 
group  by  a  phenyl  group  increases  the  conductivity. 

Esterification, 
I  have  already  called  attention  to  the  fact  that  the  values  of  "per  cent. 
decrease  in  normality", as  given  in  Tables  X^/  to  XLVIlI,ai*e  not  thoroughly 
reliable.  The  reason  for  this  will  become  apparent  from  the  following  con- 
siderations: Wightman,V/iesel  and  Jone^  found  that  when  alcoholic  solutions 
of  the  organic  acids  were  titrated  with  aqueous  aimionia, coralline  bein.p-  used 


1.  Carnegie  Inst. Wash. Pub. ITo. 170, page  113, 

2.  Carnegie  Inst .Wash. Pub. No. 170, pages  99,110. 

3.  Journ.A.-;ier.Chem.Soc., 36,2250(1914). 
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as  the  indicatoi',a  correction  had  to  be  made  for  the  aciount   of  aEmonia 
necessary  to  produce  color  change.      After  this  correction  had  been  applied, 
the  normality  of  any  solution  as  detennined  with  araaonia  agreed  to  within 
0.2fo  with  that  obtained  by  ir.eans  of  potassium  hydroxide.   In  continuation  of 
the  investigation  begun  by  'WightKan,T?iesel  ajid  Jones, !.!r.Wiesel  and  I   have 
n'-ade  a  study   of  the  conductivity  and  esterif ication  of  alcoholic   solutions 
of   over  forty  organic   acids.     VHien  we  cuar.e  to  calculate  from  our  data  the 
values  for   "observed  normality"  and  "per  cent. decrease   in  normality" , we 
fcujid  to   our  great  surprise  that  except  in  the  cases  cf  the  u/s  and  k/512 
solutions  there  were  discrepancies  in  these  values  too  great  to  be  ac- 
counted for  on  the  basis  of  experimental  error.     Because  of  this  fact   I 
have  given  the  data  in  Tables  XX^/  to  XLVIIl  without  aiiy   correction.  They 
will, of   course, be  ultimately   corrected. 

An  observation  made  by  Goldschmidt  in  the  course   of  his  work  on  esteri- 
fication  has  suggested  to  me  a  possible  cause  of  these  discrepancies. 
Goldschmidt  found  that  v;hen  an  alcoholic   solution  of  an  acid  is  titrated 
with  an  aqueous  solution  of  a  base, the  end  point  e.s   sho\Tn  by  the  indicator 
depends  upon  the  relative  amounts  of  alcohol  and  water  present. In  other 
words, although  the  real  neutral  point  cannot  change, the  point  at  which  the 
solution  is  shown  by  the  indicator  to  be  neutral  differs  from  the  real  neu- 
tral point  by  an  amount  which  depends  upon  the  .ratio  o_f  alcohol  to  water 
present  in  the  solution. 

The  bearing  of  this  obseirvation  upon  the  point   in   question  is  at  once 
apparent.   The  II/8,k/32  and  n/i28  solutions  v;ere  titrated  vdth  amr-onia  of 
the  ssme  strength.  The  number  of  cubic  centimeters  cf  ammonia  required 
were  approximately  40,10  and  2.5,resi,ectively.    Since  10  c.c.of  the  alco- 
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holic  solution  were  used  in  each  titration, the  ratios  of  alcohol  to  water 
were  4   :    16,  4  :   4  and  4   :   1, respectively.   The  effect   of  the  alcohol  v,rould 
be  hardly  noticeable  in  the  n/S  solution, both  on  account  of  the  small  pro- 
portion of   it  present  and  also  because  the  solution  is  fairly  concentrated. 
In  the  n/32   solution, hov;ever, the  effect  of  the  alcohol  would  be  more  ciarked, 
and  in  the  n/128  solution, still  greater.     Consequently  the  discrepancies 
would  increase  froir.  Il/s  to  n/32  to  n/i2S.   Such  is  actually  the  case.     The 
N/512  solution  was  titrated  with  a  more  dilute  amrnonia,3.nd  as  about  25  c.o. 
were  used, the  sanie  conditions  prevailed  as  in  the  case  of  the  n/s  solution. 
No  quantitative  data  are  available  by  means   of  which  I  might  apply  correc- 
tions in  accordance  with  these  observations, and  lack  of  time  has  prevented 
rce  from  undertalcing  to  obtain  such  data  experimentally.   Therefore  it  is  with 
reluctcjice  that   I  have  recorded  the  esterif ication  data  without  making  cor- 
rections.  In  the  near  future  I  hope  to  be  able  to  return  to  the  problem. 
I   can,however,saj''  with  certainty  that  the  extent  to  which  tbie  vreaker  organic 
acids  ujidergo  esterif  ication  under  the  conditions  which  prevailed  during  this 
investigation  is  extremely  slight. 


Johns  Hopkins  University, 
Baltimore,  I  !d. , 
May,  19 15. 
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